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This research is based on two motivations that merge by means of the frame-
works of interdisciplinary affinity and physics identity. First, a goal of education is
to develop interdisciplinary abilities in students’ thinking and work. But an often ig-
nored factor is students interests and beliefs about being interdisciplinary. Thus, this
work develops and uses a framework called interdisciplinary affinity. It encompasses
students interests in making connections across disciplines and their beliefs about
their abilities to make those connections. The second motivation of this research is
to better understand how to engage more students with physics. Physics identity
describes how a student sees themselves in relation to physics. By understanding
how physics identity is developed, researchers and educators can identify factors that
increase interest and engagement in physics classrooms. Therefore, physics identity
was used in conjunction with interdisciplinary affinity.
Using a mixed methods approach, this research used quantitative data to
identify the relationships interdisciplinary affinity has with physics identity and the
physics classroom. These connections were explored in more detail using a case study
of three students in a high school physics class. Results showed significant and posi-
tive relationships between interdisciplinary affinity and physics identity, including the
individual interest and recognition components of identity. It also identified charac-
teristics of physics classrooms that had a significant, positive relationship with inter-
ii
disciplinary affinity. The qualitative case study highlighted the importance of student
interest to the relationship between interdisciplinary affinity and physics identity. It
also identified interest and mastery orientation as key to understanding the link be-
tween interdisciplinary affinity and the physics classroom.
These results are a positive sign that by understanding interdisciplinary affinity
and physics identity together, researchers and educators can make progress towards
development of interdisciplinary affinity and better engagement in the physics class-
room. There are several interesting paths for future research that incorporate other
important frameworks in education research. These offer even more opportunities for
improving education research and practice.
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Instead of studying tomes scholastic,
Ecclesiastic, or monastic,
Off I fly, careering far
In chase of Pollys, prettier far
Than any of their namesakes are, –
The Polymaths and Polyhistors,
Polyglots and all their sisters.
- Thomas Moore
In this section of Thomas Moore’s poem The Devil Among the Scholars, the
poet describes a student who is distracted from his studies. He mentions three “Polys”
that contrast with the “Pollys” drawing the student’s attention. The prefix poly-
comes from a Greek root meaning many or much. Perhaps surprising in our disci-
plinary academic culture, the Greek words from which we derive the English words
history and math are virtually synonyms that mean learning. The result is that
polyhistor and polymath describe, “A person of great or varied learning,” or an “ac-
1
complished scholar” (Oxford English Dictionary, 2014c,b).1
The title of this dissertation, Chasing Polys is intended to communicate two
meanings. First, it is valuable for students to “chase” interdisciplinarity (which is
closely related to the idea of being a polymath or polyhistor) both in the betterment
of themselves and to better equip themselves for their life’s work. Secondly, physics
educators need to “chase” the potential polymaths and polyhistors in their classrooms
by helping them include physics in their “great and varied learning.” By doing so,
physics as a discipline can become stronger.
Before moving on then, it is important to introduce interdisciplinarity. Inter-
disciplinarity is used in a broad and a narrow sense. In both cases, it can mean a
characteristic of an individual or a framework for research or pedagogy. Chapter 2
will discuss the narrow definitions of interdisciplinarity. But for now, this discussion
will focus on interdisciplinarity in a broad sense, that is, combining perspectives,
methods, and information from two or more disciplines. Interdisciplinary pedagogy
uses this integration of disciplines to help students engage and to present a holistic
view of information and learning. An interdisciplinary individual is one who can
integrate multiple disciplines and can see information as connected. In most of the
literature, the emphasis is on interdisciplinary pedagogy. In some cases, the purpose
of interdisciplinary pedagogy is a better education for students. In other cases, the
focus is on developing interdisciplinary individuals.
In the first case, many proponents of interdisciplinarity claim that develop-
ing interdisciplinary individuals is important for facing the challenges of research in
our increasingly specialized though connected world. STEM (Science, Technology,
Engineering, and Mathematics) fields are no exception. The NSF has argued that
interdisciplinary perspectives are needed for research collaboration (National Science
1A polyglot is a person who knows many languages (Oxford English Dictionary, 2014a).
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Foundation, 2006). From an engineering perspective (though generalizable), there is
also a need for global competitiveness which can be fostered through interdisciplinar-
ity (Vest, 2006). Physics is no exception. The emergence of biophysics as a discipline
in its own right illustrates the contribution of interdisciplinary research. Geospace
and atmospheric physics fields include researchers collaborating among physics, elec-
trical engineering, aerospace engineering, and chemistry disciplines. These arguments
for interdisciplinarity focus on the need to approach problems that would be more
difficult - if not impossible - to answer with traditional disciplinary perspectives.
In addition, others have argued interdisciplinary education is a worthy end
unto itself. Lattuca et al. (2004) argued that interdisciplinary education is more ef-
fective by, a) “engaging students’ prior knowledge and experience,” b) “encouraging
effective thinking,” c) “developing multiple perspectives,” d) “motivating students
to learn,” and e) “constructing meaning in the classroom.” Proponents argue that
breaking down barriers between STEM disciplines can improve learning, conceptual
understanding, and application to the real world, especially by avoiding compartmen-
talization of knowledge (Asghar et al., 2012).
Therefore, interdisciplinarity has become a popular theme in education over
the last 40-50 years. The usage of the word “interdisciplinarity” saw its growth
during the 1960s and has stayed relatively level since. Google’s Ngram data (see
Figure: 1.1) show current usage levels of the word “interdisciplinary” is comparable
to levels in the 1970s (Michel et al., 2011). The edited volume Interdisciplinarity and
Higher Education, published in 1979, contains essays addressing many of the same
issues confronting researchers today (Kockelmans, 1979a; Hausman, 1979; Swoboda,
1979; Flexner, 1979; Kockelmans, 1979b). These include questions about the utility
of interdisciplinarity, the historical context of the push for interdisciplinarity, and how
to define interdisciplinarity and related terms.
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Figure 1.1: Google Ngram chart illustrating the historical usage of the word “inter-
disciplinary” (Michel et al., 2011)
The fact that these questions have occupied education thinkers for over 30
years can be viewed as a glass half-full/empty problem. It can seem puzzling and
discouraging that many of these issues have not been resolved. However, it is apparent
that there has been some progress in some areas. It is also valuable to recognize that
there is something to be learned from the history of the push for interdisciplinarity.
1.1 Historical Context of Interdisciplinarity
A common cliche is that being interdisciplinary is being “well rounded.” This
equivalence is not so simple. As will be shown in Chapter 5, being “well rounded”
does not always mean interdisciplinarity in students’ minds. It is possible that well-
roundedness is a necessary condition for interdisciplinarity, but it is not sufficient.
An important point to clarify in the discussion of interdisciplinarity is the
distinction between education and training. Though these terms are usually not
distinguished and often used synonymously, they traditionally have communicated
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different ideas. Education communicates the idea of making the student a better per-
son. On the other hand, training was the process by which the student accumulated
the knowledge required for a job, career, or research.
“To give every one education and to give no one vocational training is
impossible, for electricians and surgeons we must have and they must be
trained. Our ideal must be to find time for both education and training.”
(Lewis, 1972)
I hope to show that interdisciplinarity is relevant to both the education and
training aspects of modern schooling.
Interdisciplinarity is sometimes viewed as the outcome or goal of a liberal arts,
general education, or humanities curriculum. While the modern idea of interdisci-
plinarity is somewhat related to these concepts, there are some important differences.
The purpose of this section is to briefly outline the history of these ideas to better
understand the place of interdisciplinarity in the history of Western education.
The Liberal Arts
The idea of the liberal arts education is best understood in contrast to what
were known as the servile or mechanical arts. It closely parallels the difference between
education and training. At least as far back as ancient Greece, a liberal education
was that which emphasized the inherent value of education as enlightening rather
than useful for a trade (Cordasco, 1965, p.8). In the Middle Ages, philosophers
and educators described seven liberal arts which were divided into the Quadrivium
(arithmetic, geometry, music, and astronomy) and the Trivium (grammar, rhetoric,
and dialectic) (Walton, 1993). This organization of subjects was used as far back as
Roman and Greek times (Cordasco, 1965; Kockelmans, 1979a). On the other hand,
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the servile arts or artes mechanicae as they were known in the Middle Ages were the
professional skills of builders, craftsmen, and other laborers (Walton, 1993). (This
distinction is still seen in modern university organizational structure where despite
considerable content overlap, engineering disciplines are usually separated from math
and science which were part of the classical artes liberales.)
This distinction between education and training is well illustrated by a line in
the movie Dead Poets Society. In this movie, teacher John Keating says,
“We don’t read and write poetry because it’s cute. We read and write
poetry because we are members of the human race, and the human race is
filled with passion. Medicine, law, business, engineering, these are noble
pursuits and necessary to sustain life. But poetry, beauty, romance, love,
these are what we stay alive for.”
Interdisciplinarity is connected to the liberal arts in that the liberal arts are
intended to develop in students a holistic view of information and the world around
them. Sometimes students taking classes outside their discipline become frustrated
because they see no usefulness towards their future careers. Interdisciplinary peda-
gogy is helpful towards making different courses seem relevant to students and em-
phasizing the importance of education.
General Education
The general education movement is an philosophical descendant of the liberal
arts education. The subject matter of the curriculum is different, eliminating and
emphasizing certain topics based on the needs of the 20th century (Flexner, 1979).
In the inaugural issue of The Journal of General Education, editor Earl McGrath
outlined the philosophy and goals of the general education movement (McGrath,
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1946). Some of these are closely related to interdisciplinarity.
First, general education was, “a reaction against specialism and vocational-
ism.” This is where general education is firmly rooted in liberal arts education phi-
losophy. With social reforms, industrial revolution, increases in knowledge, and the
rapidly changing technology of the 19th and early 20th century, schooling had seen
a transformation towards specialization and the forming of disciplines as well as vo-
cationalism (a philosophy that the purpose of school is training) (Swoboda, 1979;
Kliebard, 1999).
However, there was more to the general education movement. While rejecting
vocationalism, the general education movement did value utility. McGrath and others
believed a general education needed to be well connected to real life. While connecting
education to real life is not explicitly interdisciplinary, literature and some research
including portions of this dissertation links interdisciplinarity to real life connections.
But McGrath also unambiguously connects general education to interdisciplinarity by
stating that one of its goals is “to integrate the subject matter of related disciplines.”
So the general education ideal is connected to interdisciplinarity and perhaps the
modern interdisciplinary movement can trace some of its intellectual heritage to the
general education movement.
The Humanities
Sometimes, the humanities are considered interdisciplinary in the same way
liberal arts or general education are. This is depends on what is meant by “the
humanities.” Originally, the humanities were closely tied to the liberal arts. The
etymology of the word came from the idea that this was the educational curriculum
that was essential to being human (Cordasco, 1965; Kockelmans, 1979a). In this
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interpretation, the humanities were essentially indistinguishable from the liberal arts.
Some colleges still offer a “Humanities” major which is an interdisciplinary, liberal
arts major (The College Board, 2014). However, as a domain of disciplines, the
humanities evolved during the Middle Ages to describe only language and literature
(Cordasco, 1965, p. 43). With the development of the social sciences, these disciplines
came to be considered part of the humanities as well (Kockelmans, 1979a). In this
modern sense the humanities are only interdisciplinary in the same way as any other
collection of disciplines. They can be taught using interdisciplinary pedagogy or
viewed as connected by interdisciplinary individuals. But these connections are no
more inherently interdisciplinary than any other collections of academic disciplines.
1.2 The Modern Movement for Interdisciplinarity
Before continuing with a discussion of interdisciplinarity, it would be valuable
to clear up two potential misconceptions. First is that an interdisciplinary person
is “a jack of all trades and a master of none,” or knows nothing about everything
(Kockelmans, 1979b). In fact, interdisciplinarity requires deep understanding in at
least one area of knowledge (Borrego and Newswander, 2010). And, though the inter-
disciplinary person is not an expert at everything, their interdisciplinary knowledge
and skills are useful. The interdisciplinarity that results from a general or liberal arts
education includes critical thinking skills that are useful even when the individual is
not in their realm of expertise. Artistotle described this individual as one who is able
to expertly evaluate and analyze all areas of knowledge (Aristotle, 2001).
A second misconception is that interdisciplinarity is the same as a liberal or
general education and, therefore, is not relevant to those concerned with training
or vocationalism. However, in a list of motivations for interdisciplinarity, Klein and
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Newell (1998) cite a general and liberal education followed by professional training.
The critical thinking skills that an interdisciplinary general education provides is
what transcends the liberal or general paradigm and allows interdisciplinarity to be
useful in the vocational curriculum. Another theme that has and will emerge from
this discussion of interdisciplinarity is that it is useful in the modern workplace for
solving complex problems and because knowledge is rapidly changing and increasing.
A catch phrase in the modern job market has been “transferable skills” which inter-
disciplinarity certainly could help provide (Jeffcote, 1997). Dare (2001) also describes
how learner-centered pedagogies (including interdisciplinary courses) can be used in
community colleges for vocational training.
Klein (2002) attributes the current significance of interdisciplinarity to four
factors: knowledge change, educational reform, problem solving, and critique.
Knowledge Change: Knowledge change includes several dimensions, but primarily
this is concerned with the increase and specialization of knowledge. With the
increase of knowledge, it is no longer possible (if it ever was) for anyone to
“know everything” (Kockelmans, 1979a). This necessarily leads to specializa-
tion which gives rise to academic disciplines. But these disciplines change, and
interdisciplinarity is required to make progress in research areas which in turn
can sometimes lead to new disciplines (e.g. biophysics).
Educational Reform: Klein (2002) points out that integrated curricula can be
traced back through the 19th century. The classical and medieval traditions
of the liberal arts could be considered integrated as well. However, in the mod-
ern context, she notes that advocates of integrative curriculum reform argue,
“that sophisticated levels of learning cannot be attained by studying subjects
separately.”
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Also, interdisciplinarity pedagogy can employ more student focused techniques
(Lattuca et al., 2004). McGrath (1946) argued that the general education revolt
against specialization was also a repudiation of a philosophy of education in
which the teacher’s focus is on information instead of students.
Problem Solving: The “problem solving” motivation for interdisciplinarity is one
of the ways in which modern interdisciplinarity is relevant to vocationalism.
In today’s quickly changing workplace, students as future employees need to
be ready to face interdisciplinary challenges, work in diverse teams, and think
critically.
Critique: Klein’s final point is that of interdisciplinarity as a critique. For example,
interdisciplinarity might challenge the traditional structures of schools, educa-
tion, and academic disciplines. Also, thinking about interdisciplinary pedagogy
raises the question, “What is the purpose of education?” Finally, some aca-
demic fields concerned with critique (such as feminist or ethnic studies) are
interdisciplinary.
1.3 Interdisciplinarity and Physics
Despite its interdisciplinary connections, physics suffers from a reputation and
reality of isolation. High school students describe physics in heteronomous terms,
seeing physics as allowing little freedom of expression (Kessels et al., 2006). Analysis
of journal citations have found physics at or near the bottom of science disciplines in
rankings of cross-disciplinary citations. The National Science Foundation analyzed
eight broad fields of scientific and technical articles and calculated how many were
cited by articles in other fields. The field of physics and the field of Earth & space
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science were tied for the highest rate of self citation at 83% (National Science Board,
1998). Van Leeuwen and Tijssen (2000) used narrower definitions to define disciplines
and calculated a cross-disciplinary citation rate for 119 STEM disciplines. Astronomy
and astrophysics had the lowest rate of cross-disciplinary citation at 14.3%. The
category of general physics and that of atomic, molecular, and chemical physics were
both ranked in the bottom 15 disciplines (60% and 59% cross-disciplinary citation
rates respectively). Analysis using author affiliation instead of journal categories gives
similar results (Ortega and Antell, 2000). The average self-citation rate of physics
was higher than both chemistry and biology. The authors also looked at citation
rates to physics, chemistry, and biology from a wide range of engineering and science
fields. They found physics was cited by authors in other disciplines at lower rates
than chemistry or biology.
By opening physics to interdisciplinary connections, teachers might engage
students with physics and ignite a fresh interest in physics topics. A few studies have
examined connections between physics and the arts and humanities in the classroom.
For example, Teixeira et al. (2009) and Garcia et al. (2010) represent several studies
which connected physics to history while work by van der Veen (2012) involves art in
the science classroom. The Project Physics curriculum, which has existed for decades,
integrates physics with the history and philosophy of science (Holton, 2003). Engi-
neering education especially has sought to develop curricula integrating mathematics
and the basic sciences. Al-Holou et al. (1999) surveyed several of the integrated cur-
ricula in engineering at various institutions. Reported results were generally positive,
though some have not found long-term success. While results from these studies
often show improved learning gains and/or student attitudes, these results are com-
plicated by confounding variables. For example, most of these studies also included
“reformed” environments with high levels of active learning, raising alternative expla-
11
nations for the observed improvements. However, they show signs of hope that the
rigid, unapproachable physics stereotype might be changed through interdisciplinary
connections.
In particular, this work focused on physics identity which captures students’
attitudes, feelings, and interests in physics. These factors give insight that focusing
on performance factors does not. Also, since physics identity is significantly related to
physics career choice (Hazari et al., 2010b), it is important to the physics community
to understand this construct in the context of recruitment and retention issues. By
learning what factors help develop a physics identity, the physics community can
increase the number of physicists and help prevent disillusionment on the part of
physics students.
But beyond recruitment and retention, an increase in physics identity among
non-physics majors could improve the public perception of physics. For example,
by expanding what gets recognized in the physics classroom or by broadening the
appeal of physics to students with diverse interests, physics teachers could increase
the physics identity of a broader population of students. This would have positive
effects on the common perceptions of physics and how individuals engage with physics
after leaving the classroom. It could have the effect of decreasing the number of people
who have a negative perception of physics. Engaging more students can begin with
understanding physics identity. And understanding how interdisciplinarity relates to
physics identity could unlock clues to recruiting interdisciplinary physics majors and
engaging a broader range of students from both within and outside STEM.
To summarize, this research seeks two significant outcomes. First is a the-
oretical and research oriented result. This work will establish a framework of in-
terdisciplinary affinity that can describe students attitudes and interest about in-
terdisciplinarity. This framework will establish a new perspective on research in
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interdisciplinarity and form a basis for new research. The second outcome is an un-
derstanding of the relationship between interdisciplinary affinity and physics identity.
Descriptions of this relationship will be established by quantitative data analysis and
explorations of causal mechanisms in this relationship by qualitative analysis. The
second outcome has relevance to physics education research, but it also has a practical
application. These practical results of the research are largely aimed at secondary
physics teachers. Since high school is the first, and often last, exposure to physics
for most students, it is the vital time frame to influence students’ attitudes towards
the subject. Understanding how to engage more and a broader range of students can
help physics educators influence the recruitment and retention of students to physics
careers and also change for a lifetime the perspectives of students who may never
enter a physics classroom again.
The following chapters will investigate the connections between interdisci-
plinary affinity and physics identity. Chapter 2 will discuss at more depth the different
ideas researchers have of interdisciplinarity and define interdisciplinary affinity, which
captures students’ interests and ideas about interdisciplinarity. It will also describe
the physics identity framework which will be used in the study. Chapter 3 describes
the initial quantitative analysis which connects interdisciplinary affinity with physics
identity and discovers pedagogical techniques that significantly correlate to a higher
interdisciplinary affinity. Chapter 4 takes a deeper look at these connections using
interviews with high school physics students. Chapter 5 uses more quantitative data
to better define interdisciplinarity and physics identity and confirm the connections







As this cartoon illustrates, interdisciplinarity is not always well defined. This
problem of definitions existed over 30 years ago (Kockelmans, 1979b) and is still
widespread. Lattuca and Knight (2010) stated, “Definitions [of interdisciplinarity]
comic source: http://xkcd.com/755/
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devised by scholars do not neatly align with one another, nor with the definitions-in-
use of practitioners.” This makes it difficult to conduct research and interpret what is
meant by terms such as interdisciplinary, crossdisciplinary, multidisciplinary, or trans-
disciplinary. Though various authors have defined these terms, there is disagreement
between them. On the other hand, others argue that splitting hairs over these defini-
tions misses bigger questions. Hansson (1999) argues the emphasis in interdisciplinary
research should be on the particular needs of the problems and balancing pros and
cons of interdisciplinarity. “The ‘correct’ definition of interdisciplinarity matters far
less than the correct appreciation of the true nature of the problem to be solved.”
Regardless, defining terms is vital to a clear understanding of the issues, es-
pecially as they relate to individual studies. As Klein (2002) points out, “Different
terms reflect different views of the purpose of curriculum, the best use of knowledge,
and the place of disciplines.” Therefore, the following section will discuss some def-
initions and frameworks of interdisciplinarity used in this work and the more well
established framework of physics identity.
For this work (following common usage), interdisciplinarity and interdisci-
plinary are different parts of speech describing the same concepts. Interdisciplinarity
is a noun describing the quality of being interdisciplinary.
2.1 Interdisciplinarity and Related Terms
The first broadly disseminated attempt to define terms related to interdisci-
plinarity was by Kockelmans (1979b). In this work, he defines a broad and narrow
interdisciplinarity. The broad sense of interdisciplinaritity is defined as “all nondis-
ciplinary endeavors in research, education, or administration.” One of the difficulties
with the term interdisciplinary stems from the fact that it is a popular concept. This
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leads to the term being used to describe all sorts of situations where two or more
disciplines are involved. The broad definition of interdisciplinarity encompasses all of
those uses. Kockelmans (1979b) uses interdisciplinary in the narrow sense to describe
the particular case of a new discipline formed in the space between disciplines.
Though Kockelmans (1979b) defines several other terms related to interdis-
ciplinarity, he focuses on three in particular: interdisciplinary, crossdisciplinary, and
transdisciplinary. His narrow definition of interdisciplinarity focuses on the formation
of a new discipline from the integration of two or more disciplines. A good example
is bioengineering. As researchers integrated biology with engineering frameworks to
solve new research questions, they eventually developed a new discipline. (He uses
discipline in the sense of structural organization, usually academic.) In this frame-
work, a crossdisciplinary endeavor differs from one that is interdisciplinary in that it
is not concerned with the formation of a new discipline. Both cases require integra-
tion of perspectives and methods from two or more disciplines. Both have the goal
of tackling a novel problem that requires cooperation between disciplines. However,
crossdisciplinary research (in this framework, these terms primarily refer to research)
does not result in a generalizable framework that builds a new discipline.
Transdisciplinary work in Kockelmans’ framework is concerned with bigger
questions about a unified perspective of knowledge. While interdisciplinarity and
crossdisciplinarity are primarily concerned with research, transdisciplinarity includes
a strong concern for education. Its primary goal is “systematically pursuing the prob-
lem of how the negative side effects of specialization can be overcome so as to make
education (and research) more socially relevant.” This concern with education (as op-
posed to specialization and training) and the attempt to holistically view knowledge
is similar to the concerns of the liberal arts and general education.
A more recent and widely cited framework of definitions of interdisciplinarity
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is that given by Petrie (1992). He described multidisciplinary work as cases of co-
operation by multiple disciplines on a common problem; trans-disciplinary work as
the integration of knowledge or theories from multiple disciplines into a new, unified
theory (transcending traditional disciplines); and interdisciplinary work as something
in between, where “the integration of the work goes beyond the mere concatenation
of disciplinary contributions.” Petrie’s multidisciplinarity is roughly analogous to
Kockelmans’ crossdisciplinarity, though Petrie makes a point of stating that his idea
of multidisciplinarity does not include integration. Likewise, interdisciplinarity has
similar meanings in both frameworks, though Petrie does not require it to result in a
new discipline. Transdisciplinarity is similar in both frameworks.
Though there are nuanced differences between these frameworks, there is a
general pattern that emerges from them and other interdisciplinary literature.
1. General interdisciplinarity includes education, training, and research that in-
volves cooperation between different disciplines. Some authors require inte-
gration to be present to call it true interdisciplinarity, but defining proper or
adequate integration presents its own challenges.
2. Interdisciplinarity in the narrow sense is usually focused on research. When used
in an educational context, the lines between interdisciplinary, multidisciplinary,
crossdisciplinary, and transdisciplinary become even less clear.
A useful definition of interdisciplinarity that generally incorporates many of
the qualities cited in the literature and includes educational dimensions is that,
“[Interdisciplinarity is] a process of answering a question, solv-
ing a problem, or addressing a topic that is too broad or com-
plex to be dealt with adequately by a single discipline or profes-
sion. . . and draws upon disciplinary perspectives and integrates
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their insights through construction of a more comprehensive per-
spective.” (Klein and Newell, 1998; Lattuca and Knight, 2010).
Interdisciplinarity and High School
Since this work is concerned with high school and first year undergraduates, it
is important to understand interdisciplinarity in that context. One of the difficulties
with adapting interdisciplinary frameworks to study interdisciplinarity in high school
and the first year of college is that most literature focuses on interdisciplinary research.
Also, because interdisciplinarity requires disciplinary frameworks, it is often discussed
in the context of undergraduate or postgraduate studies. There has been some concern
for interdisciplinarity in the K-12 years. Among others, Jacobs (2002); Beane (2002)
describe an integrated high school curriculum in which interdisciplinarity can shape
a more holistic view of knowledge and education. On the spectrum of education and
training (see Chapter 1), high school probably has more of an emphasis on education
than college or university which in turn are more education focused than graduate
studies. At each step, students specialize their knowledge more than they had before.
So when studying interdisciplinarity in high school students, it is important to note
that is is less related to utility than professional researchers and even college and
university students.
2.2 Interdisciplinary Affinity
This work focused on “interdisciplinary affinity,” defined as a student’s in-
terest and desire to integrate information and perspectives from multiple disciplines
as well as self-perceptions of their competence to do so. This perspective departs
from prior research by considering the beliefs and interests of students and ignoring
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strict requirements that interdisciplinarity include an adequate level of integration
or performance. This section includes the reasoning and justification for using this
perspective.
First, this study needs to use a definition of interdisciplinarity not constrained
to research. Most of the students who participated in this study are not going to
have an academic career. Those who will continue in academia are early in that
process. Interdisciplinarity to them is primarily in the realm of education. As students
continue through their college experiences, they will develop more expertise and begin
the process of specialization that will continue in their careers or graduate school.
Second, this definition focuses on affective dimensions of the study’s partic-
ipants. Work in the field of interdisciplinarity is almost without exception focused
on interdisciplinary performance and competence (eg. Field et al., 1994; Boix Man-
silla and Dawes Duraising, 2007; Richter and Paretti, 2009; Lattuca et al., 2012). A
drawback is that the various definitions of multi-, trans-, and interdisciplinarity make
defining successful performance and competence outcomes difficult. If researchers do
not all agree on what interdisciplinarity is, how can we effectively assess students’ per-
formance and ability to be interdisciplinary? Also, a performance oriented education
can fall short by neglecting the affective domain. As discussed in Chapter 1, it is de-
sirable to develop interdisciplinary students who can think holistically and integrate
knowledge and perspectives from multiple disciplines. But forcing students doing a
senior physics thesis to work in an interdisciplinary group or on an interdisciplinary
project does not guarantee those students will desire or sustain interdisciplinary work
in their careers even if they were successful in the course. Affective variables such as
interest and self-efficacy are vital prerequisites to sustained performance (Bandura,
1997). An example of this is found in work by Hazari et al. (2010a) who found intrin-
sically motivated scientists driven by a “learning orientation” were more productive
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than their “performance oriented” peers.
2.3 Physics Identity
The physics identity framework used in this work has been developed over
several years and been used in many studies. The simplest way to grasp this idea is
to think of how people will often describe themselves as a person (physics
in this case). However, to capture more depth and variance, this framework includes
dimensions of interest in physics topics and recognition by others as a physics person.
The story of this framework of physics identity begins with Gee (2000) who
described identity as the “kind of person” one is seen as. This definition acknowledges
that identity includes a social dimension. It includes self reflection and recognition
by others. Also, this definition can span different scales. A high school student can
have a physics identity which primarily is concerned with one academic subject and
how they see themselves in relation to it. But that student’s school identity can go
beyond physics to include all arenas of high school including other academic subjects,
grade level, SES, and extracurricular activities to name a few. Thus, a physics person
may also be a “school person” or “smart person.” And it is possible that physics
identity would overlap with mathematics or chemistry identities since some of the
performance outcomes and social mores are similar. This student could also have an
identity outside of school that is related to hobbies or sports. This sports identity
might be formed by watching events on tv and/or participation (where athletic and
school identities could overlap and inform each other).
Gee (2000) outlines four types perspectives on identity: nature, institution,
discourse, and affinity. The first is a way of viewing how natural effects influence
identity (e.g. disabilities). The institutional perspective of identity is the interpre-
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tation of identities as assigned by social structures. A student’s physics identity can
(and probably is) influenced by receiving a physics award from school authorities.
The third perspective emphasizes the role of a more negotiated social recognition.
Through interactions with others in a social network, a student can come to be rec-
ognized by peers, family, teachers, and others as being a physics person. Finally,
the affinity perspective looks at identity as defined through interest and pursuit of
shared experiences with an “affinity group.” Participation in a physics club would be
an example of affinity identity, but school physics projects or science hobbies would
be examples as well. The dimensions of the physics identity construct used in the
work are primarily concerned with discourse and affinity identities, though the other
perspectives can influence it as well.
Carlone and Johnson (2007) built on the work of Gee (2000) to establish an
identity framework for professional scientists. The authors’ model of science iden-
tity is shown in Figure 2.1. This was qualitative work based on interviews with
scientists, using their own words to build a model of identity. The authors described
performance beliefs, competence beliefs, and recognition by others as key components
of this scientist identity, taking for granted an interest dimension since the study’s
participants were already well advanced in scientific pursuits.
Adapting this work for quantitative research, Hazari et al. (2010b) built survey
items based on the four hypothesized components of physics identity (performance,
competence, recognition, and interest) and administered the survey in introductory
college English classes around the country. (Since a large scale, national survey in-
cludes a broad cross section of the population, interest in physics can not be assumed.)
The model used is illustrated in Figure 2.2. This diagram illustrates the four dimen-
sions of physics identity and emphasizes their interactions with each other. Physics
identity is shown as part of an overall identity and interacting with other identities
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perform relevant scientific practices (e.g., communicate and use tools within designated scientific
norms), recognize herself as a ‘‘science person,’’ and get recognized by others as a ‘‘science
person,’’ but may not have a deep and meaningful understanding of the science content (i.e., she
might have low competence). Tonso’s (1999, 2006) ethnographic studies of a relatively elite U.S.
engineering program provided examples of such students. Tonso found that high-status
engineering students (i.e., those who receive the greatest recognition) were sometimes the least
skilled (i.e., had the lowest competence). In another scenario, we can envision someonewhomight
be very competent in her understanding of science content and may be able to adquately perform
scientific practices, but, for one reason or another, may not recognize herself or get recognized by
others as a science person. For example, Tonso (1999, 2006) found women in the engineering
program she studied who were extremely competent and excellent performers of engineering
practices in small group settings, but who were rarely recognized as legitimate engineers by their
professors or with potential future employers.
Our science identity model is based on an assumption that one’s gender, racial, and
ethnic identities affect one’s science identity, a connection hinted at, but not made explicit, in
previous literature. For example, numerous studies have indicated women pursue science for
Figure 1. Model of science identity that guided our initial analysis.
SCIENCE IDENTITIES OF WOMEN OF COLOR 1191
Journal of Research in Science Teaching. DOI 10.1002/tea
Figure 2.1: The model of science identity used by Carlone and Johnson (2007).
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Figure 2.2: The model of physics identity used by Hazari et al. (2010b).
the student has. The authors found their physics identity indicator was significantly
and positively correlated with interest in physics careers, lending validity to the mea-
sure and demonstrating its importance to physics education research, especially as
it pertains to recruitment and retention issues. In addition, Hazari et al. (2010b)
found no distinction between students’ performance and competence. For subsequent
studies using this framework, performance and competence beliefs were combined to
form one construct.
As researchers have used this physics identity framework, it has evolved even
more. Changes have been primarily on the performance/competence construct. First,
Cribbs et al. (2012) used a mathematics identity construct based on survey items anal-
ogous to those used in the physics identity framework. The authors used Structural
Equation Modeling (SEM) to better understand the interactions of the the identity
dimensions. They found performance/competence to only have an indirect effect on
identity, moderated by interest and recognition. Potvin and Hazari (2013) found an
identical structure for physics identity. In fact, an identity construct of only recogni-
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tion and interest dimensions was more strongly correlated with physics career choice
and accounted for more variance than an identity construct that included perfor-
mance/competence.
The resulting model is illustrated in Figure 2.3. Performance and competence
factors strongly and significantly relate to interest and recognition factors. These
in turn represent the best proxy for measuring physics identity with survey instru-
ments. Therefore, this work will use only interest and recognition to represent physics
identity.
The next chapter will discuss the first survey and resulting data used to explore
interdisciplinary affinity and its connection to physics identity. This survey asked
students about their physics and math identities as well as attitudes towards science
and high school experiences. A construct representing interdisciplinary affinity was
built using two survey items. This construct showed interesting connections to physics
and math identities.
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Figure 2.3: Conception of physics identity as used in this work. Arrows indicate the
directions used in SEM by Cribbs et al. (2012) and Potvin and Hazari (2013).
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Chapter 3
Finding the Connection Between
Interdisciplinary Affinity and
Physics Identity
“Data! Data! Data! I can’t build bricks without
clay.”
- Sherlock Holmes
The Adventure of the Copper Beeches
Chapter 2 introduced interdisciplinary affinity and physics identity. Interdisci-
plinary affinity is a new way of thinking about interdisciplinarity, focusing on interests
and competence beliefs. It offers a perspective that goes beyond performance in de-
sign courses or research. Physics identity is a powerful way to investigate students’
identification with the field of physics. By linking these, two important goals can
be accomplished. The first is to provide insight into how educators can improve
physics teaching by developing interdisciplinary affinity in their students and engag-
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ing a broad range of students. Second, this work provides a new area of research for
those studying interdisciplinarity and physics identity.
To better understand the intersection between interdisciplinary affinity and
physics identity, this work is guided by the following research questions:
RQ1. How can we quantitatively measure students’ interdisciplinary affinity? (Ad-
dressed in the methods section)
RQ2. How is this measure of interdisciplinary affinity related to physics identity?
RQ3. What characteristics of the high school physics classroom are related to inter-
disciplinary affinity?
A visualization of research questions 2 & 3 is shown in Figure 3.1. Research
question 2 examines how interdisciplinary affinity and other student attitudes and
beliefs are related to physics identity while question 3 investigates the connections
between the high school physics classroom and interdisciplinary affinity.
3.1 Methods: The SaGE survey and data analysis
The data used in this analysis come from the Sustainability and Gender in
Engineering (SaGE) project (NSF Grant No. 1036617). This project was aimed at
understanding how using sustainability topics in high school science classes might
help with the engagement of women in science and engineering. As part of this
project, a survey was administered in introductory English courses at 50 colleges and
universities around the United States. To obtain a nationally representative sample,
institutions were categorized by size and type (two or four-year) and randomly se-














Figure 3.1: Visualization of research questions 2 & 3. Question 2 relates interdisci-
plinary affinity to physics identity along with other attitudes and beliefs about sci-
ence. Question 3 seeks to establish links between the high school physics classroom
and physics identity.
English classes were selected as they would contain both STEM and non-STEM ma-
jors. All 50 institutions that agreed to participate did so, giving a sample size of 6,772.
Figure 3.2 shows a dot for each zip code reported on the surveys. Though many zip
codes had multiple responses, the map illustrates the wide geographic distribution of
the study participants and a reasonable match to population distribution.
The survey asked students about their interest and attitudes towards STEM
fields; their experience their physics, chemistry, and biology high-school classrooms;
their attitudes towards sustainability issues; and their family and demographic in-
formation. Physics identity items were included as well as items hypothesized to
measure interdisciplinarity. The complete survey can be found in Appendix A. More
information about the SaGE study can be found in Godwin and Potvin (2013).
The first step in this study was to establish a way to measure interdisciplinary
affinity. The SaGE project emphasized sustainability topics, many of which are inter-
disciplinary. So the survey included several items hypothesized to measure interdisci-
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Figure 3.2: Map of home zip codes of SaGE study student participants. There is one
dot per zip code regardless of the number of participants from each code.
plinary performance, competence, and interest. Two important considerations were
made in selecting the items used in the interdisciplinary affinity measure. First was
that integration of insights and perspectives is an essential characteristic of interdisci-
plinarity (Boix Mansilla and Dawes Duraising, 2007; Borrego and Newswander, 2010;
Lattuca and Knight, 2010). Second was the emphasis of this study on the affective
domain. Therefore, interdisciplinary affinity needed to include both students de-
sires, interests, and beliefs about themselves and the key characteristic of integration.
Therefore, the interdisciplinary affinity measure is built from responses to “I hope to
gain general knowledge across multiple fields” and “I identify relationships between
topics from different courses.” (All the items used for measuring interdisciplinary
affinity and physics identity asked for agreement on an anchored, five-point scale
from strongly agree to strongly disagree.) These items clearly emphasize integration
and the affective domain. These items offer a more easily measurable approach to
studying interdisciplinarity than the performance/competence oriented frameworks.
While these survey items used to measure interdisciplinary affinity have rea-
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sonable face validity, they were also administered on a survey in an introductory
physics class to further establish validity. This survey included the interdisciplinary
items used in the SaGE project (again asking for responses on an anchored five point
scale) and additionally asked students to give a brief explanation of the reasons be-
hind their responses. The purpose was to establish how students were interpreting
these items and generate hypotheses for new survey items that could be used in fu-
ture work. Results showed students associated the interdisciplinary affinity items
with statements about being “well rounded” and using interdisciplinary connections
to help them learn. The student responses indicated they interpreted the survey items
as asking about interdisciplinarity in ways they were intended. Also, the survey asked
students about their interest in taking electives in various academic fields. The re-
sponses to each of the academic fields were added to get a score measuring the breadth
of the students’ interests. (Higher scores were more likely to consider electives in more
subjects.) This score consisted of the following categories: languages (including En-
glish), mathematics, physical sciences, fine arts, biological sciences, and social studies.
A correlation between this measurement of broad interest and the interdisciplinary
affinity measure was found to be both positive and significant (r = 0.28, p < 0.001,
n = 137). This also lends to the validity of the interdisciplinary affinity items as
actually measuring broad interests. These results - in answer to research question 1 -
indicated the interdisciplinary affinity survey items were measuring students interest
in being interdisciplinary.
To answer the second and third research questions, two linear models were
constructed to investigate the relationships (1) between interdisciplinary affinity and
physics identity and (2) between physics classroom factors and interdisciplinary affin-
ity. This method allows for testing whether the various factors are related quantita-
tively, even in the presence of controls and potentially competing factors.
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For the reasons discussed in the previous chapter, the physics identity indicator
was built from recognition and interest factors. The recognition factor consists of
responses to “My parents/relatives/friends see me as a physics person” and “My
physics teacher sees me as a physics person.” The interest factor consists of responses
to “I am interested in learning more about this subject” and “I enjoy learning about
this subject.”
For the third research question, several items probing the students’ experience
in the physics classroom were used. These came in several types. Some asked for
agreement on an anchored five-point scale. For example, the survey asked about the
level of conceptual understanding required in class and how enthusiastic the teacher
was about physics. Others were binary for which students answered yes if the state-
ment was true in their experience. For example, several questions asked if certain
assessments or activities were part of their physics class. Also, a few questions asked
how often they engaged in pedagogical methods on a scale ranging from never to
daily. Examples include how often they “spent time doing individual work in class”
or “classmates taught each other.”
Data analysis was carried out with R version 2.15.3 (R Core Team, 2013).
The code used for these analyses is found in Appendix B. To begin, the sample was
culled to include only surveys in which the student indicated attendance in a high
school physics class via a reported grade. Using the Amelia II package (Honaker
et al., 2011), missing data was imputed to obtain a sample size of 2,066. Two linear
models were built using the Zelig package (Kosuke et al., 2008) to address research
questions 2 & 3. For the first model, the physics identity indicator was used as the
outcome variable with controls of demographics, family variables, and several class-
room related items that were thought to be strong, significant predictors of physics
identity like those reported by Hazari et al. (2010b). These classroom items were
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restricted to environmental factors, not pedagogy, to avoid confusion with the second
research question which included classroom pedagogy. The interdisciplinary affinity
indicator was used as a predictor along with other “ways of thinking” items that were
asked on the SaGE survey. These probed students’ agreement with statements about
the nature and value of science (both generally and personally) and perspectives on
problem solving. These attitudes and beliefs could potentially complement or com-
pete with interdisciplinary affinity. Therefore they were included to obtain a more
complete model of how students’ beliefs relate to their physics identity. The natures
of these items are explored further in the results and discussion section.
To accomplish the goal of identifying the physics classroom factors that influ-
ence interdisciplinary affinity, a second model was built with interdisciplinary affinity
as the outcome variable. Again, demographic and family information were used as
controls with predictors being various physics classroom pedagogy and experiences.
These classroom experiences and teachers’ pedagogical methods could potentially in-
fluence the development of interdisciplinary affinity.
For all linear models, a significance threshold of p = 0.01 was used to reduce
the chance of Type I error.
3.2 Results
The first model predicting physics identity had eight significant, positive pre-
dictors. The complete results from the first model are shown in Table 3.1. Race and
socio-economic status were included but were not significant. (Parental education was
used as a proxy for SES.) Significant controls were being male (β = 0.20, p < 0.001),
physics grades (β = 0.18, p < 0.001), having a father who is a scientist (β = 0.06,
p < 0.01), family had science related hobbies (β = 0.10, p < 0.001), and the interest
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level of fellow students in the physics classroom (β = 0.27, p < 0.001). Of the “ways
of thinking” predictors, the following were significant: the interdisciplinary affinity
indicator (β = 0.09, p < 0.001), “Learning science will improve my career prospects”
(β = 0.10, p < 0.001), “Science has helped me see opportunities for positive change”
(β = 0.21, p < 0.001), and “The scientific method always leads to correct answers”
(β = 0.08, p < 0.001). The model had an adjusted R2 of 0.39.
As expected, controls such as physics grade, family influence (hobbies and
father with STEM career), and gender were significant, positive predictors of physics
identity. These links between physics identity and family support and gender were
also found by Hazari et al. (2010b). The classroom predictor that was significant
was the interest level of classmates. This was hypothesized by Hazari et al. (2010b)
to explain their finding that students in physics classes with higher ratios of male
students were more likely to develop higher physics identities.
The two predictors, “Learning science will improve my career prospects” and
“Science has helped me see opportunities for positive change,” are defined by God-
win et al. (2013) as components of personal science agency beliefs (what one believes
that science can do at a personal level). These results indicate that students who
perceive science as being useful to them identify with physics more than those who
do not. These agency beliefs are related to, but are distinct from, students’ epis-
temic beliefs. These agency beliefs emphasize students’ beliefs that science can help
them accomplish something personally. The final significant predictor in this model
is an epistemic belief that the scientific method “always leads to correct answers.”
Again, this is not surprising as high school students perceive physics as heteronomous
(allowing little freedom of expression) (Kessels et al., 2006). In broader reviews of
the nature of science literature, both students and teachers have been found to have


















































































































































































































































































































































































































































































































The results from the first model also showed the interdisciplinary affinity mea-
sure to be a significant, positive predictor of physics identity (β = 0.09, p < 0.001).
However, there are two plausible alternative interpretations. One is that students with
interdisciplinary affinity are simply better students who enjoy school. To account
for this possibility, the model included several measures of academic performance.
Despite the presence of academic performance controls, interdisciplinary affinity re-
mained a significant predictor of physics identity. Another interpretation is the pos-
sibility that this link only exists because students with interdisciplinary affinity will
simply be interested in physics because they are interested in many topics. If this
were true, they should be equally likely to have a math identity as they do a physics
identity. To test this hypothesis, a math identity proxy was constructed using the
same approach as physics identity and similarly validated. A Pearson correlation
calculated for math identity and interdisciplinary affinity was significant and positive
(r = 0.16, p < 0.001) although less so than the correlation of physics identity and
interdisciplinary affinity (r = 0.25, p < 0.001). However, a linear regression model
was built predicting math identity using the same “ways of thinking” as predictors
along with the same or analogous controls as used in the physics identity model. In
this model of math identity, interdisciplinary affinity was no longer a significant pre-
dictor. The final math identity model is shown in Table 3.2. This table lists several of
the significant “ways of thinking predictors” which are somewhat different than what
was seen in the physics identity model. With none of these present in the model,
interdisciplinary affinity is a significant predictor of math identity. In contrast, in-
terdisciplinary affinity remains a significant predictor in the physics identity model
regardless of the inclusion of other “ways of thinking.”
These differences in the connection to interdisciplinary affinity raise interesting








































































































































































































































































































































































































































































































































































A possible explanation is that many students who see themselves as math people
are also very engaged in science. These students see the benefits of science for their
career, in their everyday life, and for future generations. When these students are
controlled in the model, the interdisciplinary affinity indicator is not significant. In
other words, interdisciplinary affinity is related to math identity because a subset
of students who see themselves as math people see value in science and have higher
interdisciplinary affinity. However, another portion of the population that see them-
selves as math people do not see the value of science and have no particular affinity
with interdisciplinarity.
Also, follow up qualitative research that will be presented in the next chapter
indicates that some high school students view math identity in terms of performance
and competence goals and view physics identity more in terms of interest. Therefore,
interdisciplinary affinity may be more strongly connected to physics identity because
students more easily identify physics identity with interests. This complements the
identity models of Cribbs et al. (2012) and Potvin and Hazari (2013) which indicate
performance and competence beliefs are not sufficient to positively affect identity.
Instead, interest is one of the keys to developing identity. Reviews of math epistemol-
ogy literature confirm that students view math as rules, procedures, practicing, and
memorizing (Muis, 2004). Though some research suggests domain specific epistemic
beliefs, the differences found between math and physics identities is interesting since
studies of epistemology looking at these disciplines group them into the same domain
(Paulsen and Wells, 1998; Muis, 2004).
Next, the various physics classroom factors were built into a model with in-
terdisciplinary affinity as the outcome. The results are shown in Table 3.3 and are
discussed in more detail below. This model suggests several pedagogical techniques
might be related to students’ interdisciplinary affinity. In this model, students’ gen-
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der, race, and socioeconomic status were included as controls but were not significant.
The only control that was significant was a proxy of English performance consisting
of class grades and standardized test scores (β = 0.11, p < 0.01). Topics relevant
to students’ lives was the only pedagogical factor that met the p < 0.01 signifi-
cance threshold. This survey item was reported as an ordered, multi-level factor with
“never,” “rarely,” “monthly,” “weekly,” and “daily” as the possible responses. Weekly
(β = 0.14, p < 0.001) and daily (β = 0.17, p < 0.001) occurrences were significant,
positive predictors of interdisciplinary affinity compared to the level of “never.” Two
items related to classroom assessments were significant predictors as well. These were
questions requiring several steps of calculations (β = 0.10, p < 0.001) and the level of
conceptual understanding required (β = 0.10, p < 0.001). In this model, the adjusted
R2 was 0.06.
It is not surprising that high English scores are related to interdisciplinary
affinity. Based on prior work on interdisciplinarity, we would expect students with in-
terdisciplinary affinity to have strong language and communication skills (Borrego and
Newswander, 2010). Furthermore, language and communication are the foundation of
education. Broad interests and the ability to connect topics are highly dependent on
a student’s general ability to understand and process information whether in printed
or auditory form.
A common thread in much of the interdisciplinary education literature is that
interdisciplinary pedagogy helps students see the real-world relevance of the class
material (Petrie, 1992; Chowdhary et al., 2013; Nargund-Joshi and Liu, 2013). The
fact that this model indicates that students who see the topics as relevant to their lives
also have more interdisciplinary affinity lends support to these ideas. Perhaps if the
physics teacher effectively communicates the relevance of the subject, interdisciplinary



























































































































































































































































































































































































their thinking to make connections beyond their typical ways of thinking.
Another significant predictor in this model is requiring conceptual understand-
ing. This is another common theme in the literature linking conceptual understand-
ing and interdisciplinary courses (Petrie, 1992; Newell, 1994). And conceptual under-
standing is sometimes cited as a benefit or characteristic of interdisciplinary education
(Lattuca et al., 2004; Garcia et al., 2010). Newell (1994) attributed this to critical
thinking skills which are also emphasized by Boix Mansilla and Dawes Duraising
(2007) and Borrego and Newswander (2010). Both of these could be at work engag-
ing less interested students in the physics classroom. But the results of the present
study are somewhat limited in this respect in that it is not clear what exactly is meant
when students report a requirement of conceptual understanding. If it means less of
an emphasis on mathematical formalisms, it is easy to see how that might engage a
wider population of students. The student with more interest in the humanities can
feel like physics is more approachable to them.
Real-world relevance of topics and conceptual understanding go hand-in-hand
in literature about interdisciplinary pedagogy. Garcia et al. (2010) studied a physics
class emphasizing the historical context of physics content, emphasizing conceptual
development through time at the expense of formulae and memorization. They re-
ported the class had more emphasis on “sense making” and that “students were able
to draw a better connection between physical concepts and the real world.” The effects
were strongest on students from outside STEM. By presenting content in ways that
emphasized real-world relevance, conceptual understanding, and the intersections of
physics with the humanities, non-STEM students became more engaged with physics.
van der Veen (2012) used art in a physics class to engage non-majors with physics
topics and expand horizons of physics majors. And in a study of pre-college urban
students, Elmesky (2005) found using the media of film and music increased agency
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and interest in science. These examples show how making interdisciplinary connec-
tions helps make connections to their personal interests and focuses on conceptual
understanding. This helps students engage with the class content.
A less expected result is that doing problems requiring several steps of calcu-
lations is positively and significantly related with interdisciplinary affinity. Students
who reported doing multi-step problems in their high school physics class were more
likely to have higher interdisciplinary affinity. Perhaps, a well-written problem with
several steps, requires a student to exercise their ability to synthesize information
and apply connections between different concepts to solve the problem. Since inte-
gration was noted as being the key to interdisciplinarity (Boix Mansilla and Dawes
Duraising, 2007; Borrego and Newswander, 2010; Lattuca and Knight, 2010), perhaps
teachers should work to present students with challenging, multi-step problems that
engage students with interdisciplinary affinity who enjoy integration while helping
other students develop skills for integrating information from multiple sources.
3.3 Conclusions and New Questions
Connections between physics, math, and other sciences are easy to see, and
intersections of physics with the arts, humanities, and every-day life are found in
magazines such as Physics Today (e.g. Rosenberg, 2005; Carr Everbach, 2007; Parker,
2011; Lokki, 2014). Communicating this interdisciplinary nature, and particular cases
of interdisciplinary connections, to students seems difficult in a culture of memorized
procedures and academic performance. Developing interdisciplinary physicists (and
students in general) depends on developing interdisciplinary skills in physics students
and finding ways to engage interdisciplinary students with physics topics. This re-
search gives reason for optimism. Data show interdisciplinary affinity is significantly
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correlated with physics identity. Also, there are several tools that the physics teacher
can employ that may help students develop interdisciplinary affinity.
While results based on cross-sectional data cannot establish causal relation-
ships, they do provide interesting correlational results. First characteristics of inter-
disciplinary affinity are significantly related to positive physics identity. Also, there
is an intriguing contrast with mathematics identity where interdisciplinary affinity is
no longer a significant predictor when ideas about the value of science are considered.
Future work on this question should focus on how students might think of physics
and math identities in different ways, how math and physics are taught differently,
and different epistemic beliefs between the subjects. Since interdisciplinary affinity
includes an interest dimension, the interest component of identity is a key area of
common ground. It is likely that if a student’s physics identity is based primarily on
interest, a link to interdisciplinary affinity would be more likely. This will be explored
further in the next chapter.
Several physics classroom factors were found to be significantly and positively
related to interdisciplinary affinity. These pointed to classrooms that focus on real-
life relevance, synthesis, and conceptual understanding. This work lends support to
claims that conceptual understanding and real-life relevance are linked to interdisci-
plinarity.
Finally, though beyond the scope of the research questions, data show that
teacher quality (most significantly, enthusiasm for physics) and a mastery orientation
were significantly related to interdisciplinarity. These links provide more interesting
questions for future research.
Future work should also focus on examining the causal links between the var-
ious factors in these two models. What are the reasons behind the link between
interdisciplinary affinity and physics identity? And why is there a contrast between
42
physics and math identities? How might the interest dimensions of identity connect
to interdisciplinary interests? Also, how specifically do classroom experiences link
to interdisciplinary affinity? What do particular pedagogical techniques do for the
development of interdisciplinary affinity? What does a good multi-step problem look
like? Can simply doing multi-step problems develop interdisciplinary affinity or is it
that students with interdisciplinary affinity find the integration process appealing?
Finally, future work should focus on developing better models of interdis-
ciplinary affinity. The interdisciplinary affinity indicator used in this chapter was
constructed of only two items that cover the most obvious characteristics of inter-
disciplinarity: broad interests and interdisciplinary performance/competence beliefs.
There are few systematic definitions of interdisciplinarity, and none emphasizing af-
fective dimensions. By developing a better and more complete framework of interdis-
ciplinary affinity, future research in this area can capture more nuance and provide
more opportunities for research and practical application in the classroom.
The next chapter will build on the results and questions presented here. Qual-
itative case studies of three students in a high school physics class provided some
insight towards answering the questions raised above by better understanding the
links between interdisciplinary affinity and physics identity. Chapter 5 will return to
the issue of better understanding the construct of interdisciplinary affinity.
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Chapter 4
Digging Deeper: The Qualitative
Connections
“A human being is an immense abyss, but you,
Lord, keep count even of his hairs, and not one
of them is lost in you; yet even his hairs are
easier to number than the affections and
movements of his heart.”
- Augustine of Hippo
Confessions (IV,14,22)
Chapter 3 demonstrated the link between interdisciplinary affinity and physics
identity in surveys of freshman college and university students. It raised several
questions about why that link exists and why it may be different in math. It also
found a few characteristics of high school physics class that are positively related to
interdisciplinary affinity.
The purpose of this chapter is to more deeply investigate these relationships.
The quantitative results show correlational relationships, but do not explain how
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or why they exist. To investigate these questions, qualitative data are necessary.
Through interviews with students and observations of high school physics classes,
this chapter answers the following questions:
RQ1. Why might interdisciplinary affinity be more strongly linked to physics identity
than to math identity?
RQ2. What explains the links between certain characteristics of the high school
physics classroom and interdisciplinary affinity?
4.1 Data and Methods
This chapter builds on the previous work that quantitatively investigated con-
nections between interdisciplinary affinity and physics identity and found character-
istics of high school physics classes that were connected to interdisciplinary affinity.
The qualitative data analyzed in this chapter was also collected as part of the SaGE
project. The first part of SaGE was the survey given to students in introductory
English courses at 50 colleges and universities around the United States. As already
noted, more information about this survey and some of the results are found in God-
win and Potvin (2013); Godwin et al. (2013) and Chapter 3.
The current chapter emerged from the second part of the SaGE study. The
survey asked students for the names of their high school science teachers. From this
data, the research group identified several exemplary teachers who taught sustain-
ability related topics and employed pedagogical tools of interest. One of these was
that that topics were relevant to students’ lives which was one of the important fac-
tors that emerged from Chapter 3. Two of these teachers and their respective school
administrations agreed to allow researchers to observe their classrooms and interview
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them and their students. The data for this work comes from one of those two schools.
The school selected for this work is located in the Western United States and
is an average sized school (enrollment is less than 1,000 students). Three graduate
student researchers visited this school for one week in the spring of 2013. The teacher
selected is a 20+ year veteran of high school chemistry and physical science teaching.
During the semester of this site visit, he taught general chemistry, general physics,
AP chemistry, and IB physics. The researchers recorded and observed physics and
chemistry classes. Data for each class includes video recordings from the front and
back of the classroom, field notes from each of the three researchers, and any handouts
or assignments that were passed out to the students.
Also as part of the data collection, several students were selected for interviews
based on their responses to a survey adapted from the original SaGE survey. The
three researchers each had different research questions, so students were selected
from all the classes and were chosen primarily for their responses to items pertaining
to identity, interdisciplinarity, career interests, and views on sustainability. Also,
students’ behavior in class (such as evidence of engagement and their questions and
comments) was considered. Three students from the general physics class were chosen
for analysis because this work focuses on physics classroom experiences and physics
identity (in relation to interdisciplinarity).
During the week-long site visit, the physics class was working on a Rube Gold-
berg project. Two full days were dedicated to group work on the project as well as
portions of the other two days. (This school had a four day school week with class
periods lengthened by the appropriate amount to fit in the required hours.) Lecture
portions of the remaining two days focused on electrical circuits. The students worked
in groups of three or four with each group building a part that would later be assem-
bled with the parts from the rest of the class to create a Rube Goldberg machine.
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While not interdisciplinary per se, the project included characteristics of interdisci-
plinarity such as synthesizing various concepts so all the parts worked together.
The three students interviewed during the site visit were in the same class and
were all interested in STEM related careers. Therefore, differences in their identities
and interdisciplinarity can be evaluated without significant variability due to those
confounding variables. During the visit each was interviewed for approximately 20-30
minutes and their contact information was collected for follow-up. During the spring
of 2014, the students were contacted for follow-up interviews. Unfortunately, one of
the three students did not respond to requests for an interview. So the follow-up data
only includes two of the originally interviewed students. Details of the three physics
students chosen are given below.
Schuyler
Schuyler1 is a Caucasian male and was a junior at the time of our visit who
was interested in a career in either psychiatry or engineering (specifically aerospace
or mechanical). He displayed leadership and savvy during the group projects the
class was engaged in during the week. During interviews, he expressed the broadest
interdisciplinary affinity of the three cases.
In the observations of both the teacher and the researchers, Schuyler was a
“leader.” One of the researchers first noticed Schuyler and marked him for an interview
because of his ability to explain physics concepts to his group and suggest methods
and improvements for the design. His personality was not conspicuously what would
be recognized as a leader. However, his ability in physics and his confidence in his
ability marked him as the leader in his group. The teacher described Schuyler as,
“equally competent in almost any area of physics concepts or applications.” He was
1All names used in this study are pseudonyms.
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also active in extracurricular activities including theater and choir.
One year later, when tracked down for a follow-up interview, Schuyler’s career
plans had changed. He was then finishing his final year of high school and had
decided to major in Fisheries Biology at a university in a neighboring state. When
asked about his prior interests, he said his interest in psychiatry had waned slightly
after taking a psychology class. His interest in engineering was still strong, but the
choice of Fisheries Biology had been due to learning about the field as a career option.
He learned of the career from a family friend and decided it fit is interests.
Adlai
Adlai is an Hispanic male and at the time of our visit was a senior planning on
attending a small, nationally recognized engineering school and majoring in electrical
engineering. He was a student in both the physics and AP chemistry classes observed
during the site visit. He also was a teacher’s assistant for the physics teacher. Adlai
was the most traditionally academically oriented of the three. During one of the days
in which the teacher lectured on electrical circuits, he was the only one to open and
use his textbook during the lecture. In addition, he would occasionally point out
something in the book to his neighbor. For the Rube Goldberg project, he was busy
calculating and solving problems that were turned in to be graded while the others
in his group focused on design and measurements.
At the time of the follow-up interview, Adlai was at the same engineering
school he planned on attending in high school. He was majoring in electrical engi-
neering as planned. He had read an article about the engineering majors going to
medical school and had begun entertaining thoughts of doing that, though this was
not a decision he had made yet.
Adlai showed characteristics of interdisciplinarity. However, these were nar-
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rower than what Schuyler displayed. Adlai made connections between classes and
thought making connections was good for him. But these were generally in the con-
text of his schoolwork and only within STEM disciplines.
Charles
Charles was a senior with Native American heritage who had enlisted in the
Air Force to work on radios and electronics. He hoped to have the military pay for
his college education and continue working in the electronics field. Charles was very
engaged during the week of the site visit. The two lectures during the observation week
covered electrical circuits. This topic was high among Charles’ interests. Therefore
he was very attentive and took notes during the lecture. He usually had answers to
the teacher’s questions. He was also heavily engaged in his group’s Rube Goldberg
machine project. He worked with the electrical components and did much of the
“hands on” work of building the apparatus. In the words of his teacher,
[Charles] is especially good at the practical application part of physics.
He could build and wire and design things with the physics principles
embedded... [he] was not only the idea man, but also the one who put most
of his group’s project together and even designed a couple of components
that would accomplish multiple goals simultaneously.
In contrast to both Adlai and Schuyler, he did not do as well on homework and exam
assessments.
Unfortunately, he did not respond to requests for a follow-up interview. Based
on posts found on social network sites, it is clear that he has continued with his Air
Force career.
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All three students were interviewed during the site visit with a semi-structured
interview protocol. The outline of this interview protocol is given in Appendix C.
During these interviews, the students were asked about their physics, math, and
chemistry identities, ideas of what those identities mean, characteristics of interdisci-
plinary affinity, career interests, opinions about their classes and teacher, and ideas
related to sustainability.
For the follow-up interviews the following year, only Schuyler and Adlai re-
sponded to requests for interviews. Both were interviewed using the semi-structured
interview protocol outlined in Appendix D. This interview again asked them about
their career interests and probed deeper into their ideas about their physics and math
identities, interdisciplinary affinity, and characteristics of their high school physics
class. The questions asked were informed by the quantitative data so the compari-
son and contrast between math and physics identities was especially important. Also
based on the quantitative data, the interview protocol asked about the specific physics
classroom characteristics that were discussed in Chapter 3 as significant predictors of
interdisciplinary affinity. Finally, the protocol included some other items that were
close to being statistically significant in the quantitative data (p < 0.05 where the
cutoff was p < 0.01) and might be of interest. The physics classroom characteris-
tics included:(1) topics relevant to their life, (2) level of conceptual understanding
required, (3) questions required several steps of calculations, (4) spending time doing
individual work in class,
Both sets of interviews were analyzed using directed content analysis (Hsieh
and Shannon, 2005). A priori codes represented established ideas from the physics
identity framework (Hazari et al., 2010b; Potvin and Hazari, 2013) and from the
quantitative results from Chapter 3. Additional themes were allowed to emerge during
coding which helped explain both the quantitative and qualitative data.
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4.2 Results
4.2.1 Breadth of interdisciplinary affinity
All three students in this study made connections between their classes and
thought it was important to make these connections. However, there was a striking
difference in the breadth of these connections and how they were framed.
Schuyler demonstrated the broadest interdisciplinary affinity. He valued con-
nections between physics and
Biology: “. . . Maybe about the body or the brain or how something works, I can
compare that to how something works in what I’ve learned in physics.”
Music: “There is a lot of different things that we were learning about sound and
how sound is created that we’ve kind of learned in choir and it’s like oh, hey,
that’s kind of like when we do this in choir, um, I feel like [science and the arts
are] interconnected and not different.”
Math: “Probably one of the main things that I thought was really cool was when we
were learning about the unit circle and the trigonomic [sic] functions and the
ratios. . . It helped me understand when we were studying waves in physics and
when we were studying the trigonomic functions in math and how they, how
they kind of work together. And I thought that that was really cool that you
could go to two different classes and bring what you learned together into one
main idea.”
History: “I’ve learned about stuff in history and stuff in science and [the physics
teacher] will talk about a scientist and he’ll talk about what kind of time period
it’s in and it helps me give background to what kind of conditions the scientist
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was working and I mean, why did he try that? Why was he trying to solve that
problem?”
Adlai and Charles also mentioned interdisciplinary connections, but these were
narrower. When asked about connections between classes, Adlai responded, “. . . math
and my two science classes. They’re always hand-in-hand because we’re always do-
ing like math calculations in science.” While Adlai did mention connections between
STEM and non-STEM classes, they were narrower in an important way. These con-
nections were articulated in the context of utility and not interest. They were a way
for him to succeed in his classes or his career, not because they satisfied a curiosity or
interest like they did for Schuyler. Adlai mentioned two interdisciplinary connections
between STEM and other fields:
Business: “Well, I guess you have to have some sort of business front in order for
engineering to, to be publicized to people. You need like business, um, in it
somehow to make like deals and stuff. You know, because you also, it’s like
engineering is something you kind of want to sell as well, so I mean, I guess,
that’s sort of related there.”
English: “English, you definitely need that. It helps like expand the vocabulary and
everything, you know. I think English is important just to incorporate that
as well. And I mean, I think those [English, math, and science] kind of go all
together.”
Charles made similar intra-STEM connections, but nothing else. The only
time Charles mentioned a connection between classes, it was within the sciences.
“We’d be learning one thing in like our science and then I’d be in environmental
science and they’d be kind of talking about the same subject and I’d be like oh, yeah,
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I learned this in my last class last period.” When asked specifically about STEM and
non-STEM classes, he said he did not see those connections.
The three students interviewed showed a range of interdisciplinary affinity from
Charles (only limited connections between STEM courses) to Adlai (connections out-
side of STEM for purposes of academic and career success) to Schuyler (broad connec-
tions to satisfy curiosity and interests). The differences between Schuyler and Adlai
in particular point to the differences in purpose of interdisciplinarity. As discussed in
Chapter 1, arguments for interdisciplinarity include arguments for holistic and util-
itarian interdisciplinarity. This qualitative data suggests Schuyler’s interdisciplinary
affinity is closer to the former while Adlai’s the latter.
4.2.2 Physics and math differences
As discussed in the Chapter 3, the link between interdisciplinary affinity and
math identity was quantitatively found to be weaker than that between interdisci-
plinary affinity and physics identity. One of the goals of the qualitative study was to
investigate the reason for this difference. To answer this question, it was necessary to
understand how the students conceptualized physics and math identity. Therefore,
each interview (both during the school visit and the follow-up interviews) included
questions about the individual’s physics and math identities, their view of what those
identities mean, and whether anyone can have a physics or math identity.
Also, since the students exhibit different characteristics and degrees of inter-
disciplinary affinity, comparisons among them may offer insights as to how interdis-
ciplinary affinity and identity might be linked. Schuyler had the broadest interdisci-
plinary affinity of the three students and mentioned connecting class content to things
outside of class. He described physics identity exclusively in terms of interest. This
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contrasts with his descriptions of math identity which is a mixture of both interest
and performance/competence. During the site visit interviews, when asked if anyone
could be a physics person he said,
“I think anybody could [be a physics person], but I really think you have
to have an interest and a good attitude towards it to, um, be good at it.
Because if you don’t care you’re not going to try.”
Schuyler’s description of having a math identity included both interest and perfor-
mance/competence. He said, “A math person is able to understand the concepts,
easily be able to explain it to other people.” He described himself as a math person,
but said he had not always been that way. His math identity increased in the seventh
grade when, “I got more interest in it. Plus, I had a really good teacher in the seventh
grade that got me excited about math and so I tried harder.” It was clear from his
description that it was not until he had a teacher who helped him develop an interest
in math that his math identity increased.
Adlai had high physics and math identities (as measured in the survey and
related in interviews), but both were more oriented towards his performance/compe-
tence than they were for Schuyler. During the site visit interviews, when asked about
what a physics person is, he focused on tasks; “I guess to work with all the physics-
related topics like the energy and motion and all that.” But he did recognize the
importance of interest to a physics identity because he thought some people cannot
be a physics person because, “there’s certain people that wouldn’t enjoy [physics].”
But for math, he never mentioned interest. He said being a math person means,
“being pretty good at working with numbers, ah, processing things like that, like
analytically, you know, all that. Um, being able to just, I guess, think of things more
logically. I don’t think anybody could [be a math person]. It just kind of seems like
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you kind of have to try harder if you’re not in that mentality already and if you’re
like a math person it just seems to come to you.”
Charles likewise used a mixture of interest and performance when describing
physics identity. He had an internal conflict about being a physics person because
he was interested in physics, but he struggled academically with the math required.
“[Physics] interests me, but again the math is dragging me back, pulling me back.
Like I really enjoy the class, I like what we do in there. I think what we’re learning
is pretty cool but like the math is always just holding me back.” Like Adlai, he never
mentioned interest in the context of math identity. When asked what would need to
happen to become a math person, he said, “I probably would just have to study and
learn, spend time learning more instead of being out with my friends.”
The follow-up interviews with Adlai and Schuyler were consistent with these
results. Adlai was perhaps even more performance/competence oriented than before.
He only mentioned the importance of interest in passing and in doing so clearly showed
the difference in his conception of math and physics identities.
“I feel like not anybody can be a physics person either. But it might be
a little bit more open than it is . . . to be . . . a math person because it is
well structured, but it still has more like ability to open up to new things.
Like, it’s not necessarily a set of rules that you follow always. But I feel
like it could interest more people in that way.”
In fact, Adlai’s conception of math identity being linked to performance and compe-
tence had led him to think of himself as less of a math person since going to college.
He still concluded that he was a math person, but the challenging classes had led to
some questioning.
Q: “So, do you still see yourself as a math person?”
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Adlai: “Um, I’d like to say so, but this school has kind of changed the
way I look at it. (laughing)”
Q: “Okay. How is that?”
Adlai: “Well, it’s definitely a little tougher now. I mean, they don’t give
us easy math courses, but I guess that’s a good thing because it helps
us learn. . . So I mean, yeah, it is more difficult now, but I still think I’m
somewhat math oriented.”
As before, Schuyler never mentioned performance or competence when asked
about physics identity.
“I think what it means to be a physics person is someone who enjoys it,
someone who is intrigued and interested and goes after it kind of and is
engaged and they think about it. They don’t just go to class and then
leave and not thinking [sic] about it or use it [emphasis added].”
He also sees math identity in terms of interest.
“I do think anyone can be a math person. Um, although I do think some
people struggle a little more with math than, than other, and I think
that you can still be a math person even if you struggle just because you
want to be and that’s something here you’re interest in and intrigues you
and that’s what you want to do. Because I have some friends who aren’t
necessarily very good at math but they love the math class and they like
figuring it out and they’re really interested in it.
In sum, when asked about physics identity, Adlai and Charles both used words
and phrases associated with performance/competence and interest dimensions of iden-
tity, whereas Schuyler only talked about interest. On a hypothetical spectrum of con-
ceptualizing physics identity in terms of performance/competence to interest, Adlai
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Figure 4.1: Results from student interviews showing differences in students’ concep-
tions of math and physics identities in terms of interest and performance/competence
(P/C). Schuyler’s identities had a greater interest focus while all three saw physics
identity through interest more than math. The strength of physics and math identities
are obtained from survey responses and are shown in parentheses.
and Charles would be in the middle while Schuyler would be firmly on the inter-
est side. All three students’ positions on the spectrum shifted when asked about
mathematics identity. Charles and Adlai only used performance/competence words
and phrases when asked about math identity while Schuyler referred to both per-
formance/competence and interest. Though all where positioned further away from
interest, Schuyler was still nearer the interest side than both Adlai and Charles. See
Figure 4.1 for a visual representation of these results. For Schuyler, identity had a
larger interest component than for the others. And, for all three students, physics
identity had a larger interest component than did math identity. The strength of
their physics and math identities was obtained from their survey responses and is
included in parentheses for reference.
Also, Schuyler’s views of identity were that it was something that could be ob-
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tained with the right attitude and work. But Adlai thought that there would be some
people who simply could not be a physics or math person. This difference in views is
similar to self-theories about intelligence (Dweck and Molden, 2005). Self-theories of
intelligence have two categories. The incremental view holds that intelligence can be
increased by effort and study. It believes that if a student struggles in an academic
subject, they can work hard to succeed in that field. On the other hand, entity views
of intelligence hold that ability is innate. A student with entity views sees academic
success through inherent talent, not through effort. While identity is not intelligence,
research in this area can inform interpretation of this data. Dweck and Molden (2005)
report that students with entity views of intelligence lose interest and quickly become
discouraged when facing difficult tasks or negative feedback. But students with an
incremental view accept challenges and use them as learning tools. Both Schuyler
and Adlai saw math identity as more performance dependent than physics identity.
And coupled to this idea in both interviews was that math identity was less attainable
for students. It is likely that students with an incremental style view of identity will
thrive in multiple academic areas, leading to a greater interdisciplinary affinity.
These views on identity might explain the reason for interdisciplinary affinity
links to physics and math identities being significant and not significant respectively
in the quantitative data. If the engagement of interests offers a greater chance for
interdisciplinary students to develop higher identity, the fact that these students
view math identity as less interest oriented than they see physics identity means
there is less chance for interdisciplinary students to develop positive math identities.
Even Schuyler, though seeing math identity partly through an interest lens, saw
math identity as a performance and competence construct more than he saw physics
identity.
This is most clearly seen in the story of Schuyler’s development of a math
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identity. Though briefly outlined above, it is worth looking at this transformation in
more detail. During the site visit interview, Schuyler related the transformation that
took place.
“When I was younger, I didn’t really consider myself a math person be-
cause I didn’t really work very hard at it and I didn’t really care that
much. And, I guess I just started caring and then I felt like I was getting
better at it, I was able to understand. I think it was really I got more
interest in it now that I’m thinking about it. Plus, I had a really good
teacher in seventh grade that got me excited about math and so I tried
harder.” “I remember [the 7th grade math teacher] had like these geomet-
ric shapes that she would pull out and show us, um, she would relate it
to real life. I guess that’s one thing with me is if you can relate anything
to real life or daily life, that interests me.”
During the follow-up interview, when asked again about this change in identity, he
said,
I guess the biggest thing for me is when math started becoming real in
real life and it was an everyday thing, um, instead of—because in math
I always hated the problems that didn’t give a reason for it. I was that
weird kid that liked the story problems even though they were harder
because I could connect and relate the math with the real world. And
if I can’t really connect it, I really don’t see any point in learning it or
enjoying it because then it exists only for self.”
This story illustrates the importance of interest (for Schuyler, real-life rele-
vance) for development of identity. These results indicate that interdisciplinary stu-









Figure 4.2: Diagram illustrating the relationship between interdisciplinary affinity
and the physics identity framework.
they see identity as constructed through interests. Connecting physics course con-
tent to students’ conceptions of real life relevance is important to fostering physics
interest and identity as well as interdisciplinary interests. Interdisciplinary students
with broader interests may be more likely to connect to physics than math because
they see connections to these interests. These relationships are illustrated in Figure
4.2. This concept map shows the vital connection between interdisciplinary affinity
and physics interest. Based on the qualitative data analyzed in this chapter and
the framework of physics identity used in this work (Potvin and Hazari, 2013), this
relationship holds the key to connecting interdisciplinary affinity to physics identity.
4.2.3 Interdisciplinary affinity and the physics classroom
The follow up interviews with Schuyler and Adlai also provide insight into the
connections between interdisciplinary affinity and the high school physics classroom.
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In each interview Schuyler and Adlai were each asked specifically about their physics
class and about the characteristics found to link to interdisciplinary affinity in the
prior quantitative work.
Topics relevant to their life
As shown in the previous chapter, the frequency of topics in high school physics
that were relevant to students’ lives was a significant, positive predictor of interdis-
ciplinary affinity. Elmesky (2005), Garcia et al. (2010), and van der Veen (2012) saw
positive results in interdisciplinary physics courses from making connections to real
life. Increases in science interests were also seen in high school science classes when
students were prompted to connect the class content to their lives (Hulleman and
Harackiewicz, 2009). These connections can differ just as Schuyler and Adlai’s inter-
disciplinary affinity does. Real life connections can be made to phenomena around
the student that excite curiosity (like Schuyler) or to the personal goals and careers
the student has (like Adlai). The goal in this section is too see how Schuyler and
Adlai describe connections between their physics course and their lives and how that
relates to their interdisciplinary affinity.
When asked about seeing physics topics as relevant to their lives, there was
both a quantity and quality difference between Schuyler and Adlai. One of the fun-
damental differences in how Schuyler and Adlai talked about class topics (and STEM
in general) being relevant to their life is that Adlai focused on his college coursework
and future career while Schuyler talked about life outside of academics. Adlai spoke
only generally about the value of physics in teaching critical thinking skills.
“I think it definitely is [important for people to take a physics class] be-
cause, I mean, it might not be something that relates necessarily to what
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you’re doing exactly, but it definitely helps . . . like practice problem solv-
ing skills and that’s something that I definitely want to get better at.”
Schuyler, on the other hand, constantly cited concrete examples from his life
where math and physics were relevant to his life.
“I was that weird kid that liked the story problems even though they were
harder because I could connect and relate the math with the real world.”
“I wanted to build a table out of a log, so the top was like a pine log top,
and I needed to know the diameter of the log to put on the size of the
table. So I had to do the Pythagorean Theorem to get a diagonal so I
knew what size log to go find.”
“And then when I started driving using that to calculate MPG and when
I got a job using math to calculate how much money I was making.”
“I was just driving home last night when it first started to snow. And my
driveway’s kind of steep, and I pulled up and tried to park, and I just kept
sliding down. And I said, ‘well, why can’t I park?’ And I’m like, ‘well,
because the snow’s there and the snow’s slick and it reduces the friction
so gravity pulls me down.’ And that just kind of flashed through my head
and I said, ‘well, I guess I’ll park on the street.’”
It is apparent that Schuyler (who exhibits broader interdisciplinary affinity)
was more apt to connect classroom content with his everyday life. That is not to say
that Adlai did not see classroom topics as relevant to his life as well, but when doing
so he saw it much more narrowly along the lines of his academic career. Viewed in the
context of expectancy-value research, Schuyler sees intrinsic value to academic topics
while Adlai sees utility value (Eccles and Wigfield, 2002; Hulleman et al., 2008). This











Figure 4.3: Concept map following Figure 4.2 adding real-life relevant topics in physics
class and its relationship to physics interest.
lives and interdisciplinary affinity. Students with interdisciplinary affinity see many
more opportunities to connect classroom content with their lives.
These results have a some implications for teachers. One is that teachers
should endeavor to make real-life connections that are relevant for their students.
This is important for interdisciplinary affinity and identity development. But these
cases also illustrate how important it is for teachers to be aware of their students’
interests and values. Adlai and Schuyler think of real-life relevance in different ways
and what is a real-life connection for one, might not be for the other. It also implies
the need for students to have a variety of experiences from which they can draw
connections.
Figure 4.3 updates the concept map shown earlier by outlining the importance
of real-life topics in physics class. Real-life topics in physics class are important for
developing physics interest which is related to students’ interdisciplinary affinities.
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Level of conceptual understanding required
While questions about real-life relevance were explicitly asked in site visit
interviews, questions about the level of conceptual understanding required in class
were not. However, since the quantitative results showed its importance to interdisci-
plinary affinity, the follow-up interviews included questions asking about conceptual
understanding in their high school physics class.
It is interesting that both students (Schuyler and Adlai) seemed confused about
the question and the meaning of “conceptual understanding” had to be discussed
before describing its importance in the physics class. Schuyler and Adlai had slightly
different ways of discussing conceptual understanding.
Adlai’s idea of conceptual understanding was contrasted with memorizing a
procedure. To him, conceptual understanding meant a qualitative comprehension of
physical phenomena.
“You can memorize the process about like [sic] a problem is, but if you
don’t understand the idea behind it or how to like, how you get to that
kind of an answer, you’re not really going to understand what you’re
doing. But I feel for any problem it’s really, it’s more important to know
conceptually what to bring than the actual process. I mean, you can get
the process later [emphasis added].”
Adlai’s description is similar to published definitions of conceptual understanding that
emphasize an “integrated and functional” understanding of the topic and where “Stu-
dents with conceptual understanding know more than isolated facts and methods”
(National Research Council, 2001, p. 118). Conceptual understanding requires the
integration of facts and methods, which is also a key component of interdisciplinar-
ity. Adlai sees conceptual understanding as the real knowledge. Problem solving
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procedures are just supplemental to conceptual understanding; “you can get the pro-
cess later.” In Adlai’s comments, it is evident that conceptual understanding goes
beyond mere completion of a task. Instead it requires grasping the meaning behind
the procedure.
A key idea that is connected to conceptual understanding, and will be used
several times as an interpretive tool in this chapter, is mastery orientation. Pintrich
et al. (1993) argue that conceptual change theory (Posner et al., 1982; Strike and Pos-
ner, 1992) needs to consider motivations, classroom contexts, and student interests.
One of these is goal orientation which has two dispositions: mastery and performance
(Pintrich et al., 1993). Students with mastery orientation “focus on learning, under-
standing, and mastering the task.” Performance oriented students are concerned with
“obtaining a good grade or besting others.”
Though Schuyler’s framing of conceptual understanding is different than Ad-
lai’s, it also connects to a mastery orientation.
“[The teacher] would teach something and he’d give like problems to it
and you could do it without his help or anyone else’s help. You could do
it and understand what you were doing.”
“I think it would be if you’re trying the problem and someone got it
and they needed help in like every single step. And I mean, sometimes,
sometimes, ah, I would need help like starting the problem or I’d get
halfway through a problem and get a little confused, but one question
would usually solve that. That’s not exactly what I’m talking about with
misunderstanding but like someone at every single step isn’t quite sure
exactly what to do.”
Schuyler is describing performance on classroom tasks, but it is clear that his idea
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of conceptual understanding requires more than successfully completing the task. It
requires understanding to the point that the student has some level of mastery of the
material.
Integrating theory, quantitative data, and qualitative data, it appears that
mastery orientation is an important link between a focus on conceptual understanding
in physics class and interdisciplinary affinity. Conceptual understanding requires
students to focus on deeper meanings beyond task performance. The mastery oriented
student, because of their desire to obtain deeper understanding, which often requires
integrating ideas, is more likely to have interdisciplinary affinity. As seen in Chapter
3, mastery orientation is a significant predictor that, compared to other predictors,
accounts for much of the variance in interdisciplinary affinity. These relationships are
illustrated in Figure 4.4. This figure updates Figure 4.3 by adding the relationships
between having a conceptual understanding focus in class, mastery orientation, and
interdisciplinary affinity explored in this section. Also, an arrow from real-life topics to
mastery orientation was added based on mastery orientation literature (Ames, 1992;
Pintrich et al., 1993) which suggests an emphasis on real life topics can also foster
mastery orientation. This offers an alternative route for real-life topics to influence
the development of students’ interdisciplinary affinity.
Questions required several steps of calculations
While this was one of the more surprising results of Chapter 3, the qualitative
data indicate that its link to interdisciplinary affinity is also partly through mastery
orientation.
On this topic, Adlai’s comments give the clearest insight into connections with
interdisciplinary affinity. (Schuyler’s comments on multi-step problems were focused
















Figure 4.4: Concept map following Figure 4.3 adding the relationships between con-
ceptual understanding, mastery orientation, and interdisciplinary affinity.
multi-step problems in physics, Adlai said the teacher did not employ them often.
Adlai supposed this was to help the weaker students in the class.
“There was probably a couple thrown in there that, you know, required
a couple more steps that really tested to see who knew and who didn’t
[emphasis added].”
“I feel like [a multi-step problem] tests to see if the student is actually
learning more. I mean, some of the single step things, you know, you
can just look up this equation and then yeah, you can figure that out,
but you might not necessarily understand the process behind it. Whereas
like a multiple step calculation you might have to understand what you’re
doing and how you’re doing it and why you’re doing it [emphasis added].”
Here, as in the previous section, the distinction is an emphasis on understanding
rather than memorizing a procedure. To Adlai, a multi-step problem tests deeper
understanding because the student cannot simply plug a number into a formula.
They have to be able to think more deeply about the problem.
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Individual work in class
During the building of the interdisciplinary affinity model (Table 3.3), indi-
vidual work in class was omitted due to the significance threshold used (p < 0.01).
However, it was a significant, positive predictor in earlier models and was significant
at the p < 0.05 level in the final model. Therefore, the follow-up interviews with
Schuyler and Adlai included questions to probe this link. The qualitative data indi-
cate that a link between individual work in class and interdisciplinary affinity is also
closely tied with mastery orientation.
Both Schuyler and Adlai gave similar responses about individual work. Both
reported that their physics class included both individual and group work. Both said
the benefit of working in a group or with a partner was that each could help the
other with difficulties and catch errors. But Adlai’s strong preference for group work
is the clearest link to interdisciplinary affinity. Without equivocating, he expressed
his reasons for preferring group work.
“Because it’s like if I get stuck and I’m alone it’s not as easy to figure it
out as it is like if you have people help you through it that can help teach
what you’re having trouble with. It’s always better to work in groups
. . . in my opinion.”
Schuyler’s thoughts were very similar.
“When there was someone who did want to actually help and actually do
it, then it was nice to have them there because we kind of both would do
it and then check each other’s work and do the next part and check each
other’s work. And if one of us forgot something or failed at a part, then
the other person said, ‘Oh hey, you forgot this’ and then it kind of kept
you on track.”
68
Since Adlai is an excellent student, it would not appear that his preference
for group work and the help that comes with it is because he struggles academically.
Instead, it seems that this is due to his desire to perform as well as possible aca-
demically and, in doing so, fulfill his performance orientation. When asked why the
teacher would assign group or individual work, Adlai said,
“I feel like when you work alone it’s kind of like a test of your skill, like
to see if you’re really understanding. . . Like if you’re actually learning this
and you can see what you have problems with on your own. Whereas with
a group you can kind of complete each other’s mistakes, or like what you
don’t know somebody else can help you with.
This quote from Adlai makes it evident that individual work is connected to mastery
orientation. To Adlai, individual work was a test of understanding. Group work was
a way to get the answer while depending on other group members for help without
having to completely master the material. To both Schuyler and Adlai, group work
was a way to depend on others for help. So requiring individual work might help
students develop mastery orientation since they can not depend on their classmates
to complete the task. This is supported by the work of Velez et al. (2014) who found
individual work was a significant predictor of the same science and math mastery
orientation. (That study also used the SaGE data.)
Group work is vital to active learning and is linked to conceptual understand-
ing (Prince, 2004; Alexopoulou and Driver, 1996). In fact, the frequency of having
students teach other was also nearly significant (0.05 > p > 0.01) in the interdisci-
plinary affinity model of Chapter 3. So this result does not argue that group oriented
active learning pedagogies should be abandoned. It only indicates that some amount
of individual work is valuable to developing mastery orientation and interdisciplinary
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affinity.
The last two sections (multi-step problems and individual work) are added to
the concept map in Figure 4.5. These two are also connected to mastery orientation
which provides a link to interdisciplinary affinity.
4.3 Mastery orientation in the quantitative data
In order to test the mastery orientation interpretation presented in this chap-
ter, the quantitative data from SaGE was used. The qualitative data link physics
classroom characteristics to mastery orientation. They also suggest the link between
mastery orientation and interdisciplinary affinity. However, the quantitative data
offer a way of confirming that link.
A construct representing mastery orientation was built of responses to survey
items asking about career satisfaction (Velez et al., 2014). In particular, it asked
students to rate, on an anchored, five-point scale from strongly disagree to strongly
agree, the importance of the following to their career satisfaction: (1) inventing/de-
signing things, (2) developing new knowledge and skills, and (3) applying math and
science. This mastery orientation was added to the regression model predicting in-
terdisciplinary affinity. The result is shown in Table 4.1 (Compare to Table 3.3).
When included in the model, mastery orientation had the strongest standardized
coefficient, was the most significant predictor, and the adjusted R2 of the model in-
creased from 0.06 to 0.12, indicating that mastery orientation is an important factor





























































































































































































































































































































































































































































































































































































































The first question to answer with this qualitative study was why interdisci-
plinary affinity has a stronger link to physics identity than to math identity. The
results indicate that interest is the key. As discussed in Chapter 2, interest is one of
the key components of a disciplinary identity such as math or physics identity (Hazari
et al., 2010b; Cribbs et al., 2012; Potvin and Hazari, 2013). Since interdisciplinary
affinity captures, to some extent, students breadth of interest, it will therefore be
linked more strongly to academic areas which those students view as engaging their
interests. Students interviewed in this study saw physics identity as much more in-
terest focused than math identity. So it appears that the quantitative results can be
explained by the engagement of interests. Students with interdisciplinary affinity see
physics as open to engaging their broad interests.
The dependence of identity on performance is closely related students’ concep-
tions of the openness of that identity. The more dependent identity is on performance,
the less likely it is that someone could have that identity. In other words, performance
oriented identities are more likely constrained to students with inherent abilities, es-
pecially to those who have an entity view of intelligence. But an entity view is less
likely to result in interest (Dweck and Molden, 2005). If students like those in this
study saw math as more dependent on ability, math will be less likely to be included
in an interdisciplinary affinity.
The second question focused on the physics classroom characteristics that
predict interdisciplinary affinity in the quantitative model (Table 3.3). These were
(1) topics relevant to their life, (2) focus on conceptual understanding, (3) doing
multi-step problems, and (4) doing individual work. (Although the last item did not
meet the significance threshold established for inclusion in the quantitative model,
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the qualitative data and other literature suggest it is a real and interesting result.)
Relevance to students’ lives is also linked to interests. Especially in the case
of Schuyler, interests and real-life relevance were inexorably linked. Though his idea
of real-life relevance was different than Schuyler’s, Adlai’s interests were also closely
tied to his real-life relevance. Again, since interdisciplinary affinity is tied to broad
interests, it is apparent that students’ broad interests will be linked to how often they
can connect to their real-life. Educators could help foster interdisciplinary affinity by
showing students how their field intersects the students’ real-life interests. It is worth
repeating that this is not the same for every student. Though relevance to real-life
was important to both Adlai and Schuyler, one was focused on academics while the
other on the experiences of daily life. It is vital that educators recognize what each
student values and help them make those personalized connections.
The other three classroom features are linked to interdisciplinary affinity through
features encouraging mastery of physics material. Mastery orientation was found to
be a strong predictor of interdisciplinary affinity in Chapter 3. As discussed in Chap-
ter 1, interdisciplinarity is not a shallow knowledge across disciplines. It requires
mastery in at least one discipline and the ability to think critically in areas outside
of expertise (Borrego and Newswander, 2010). Requiring conceptual understanding
is therefore vital to interdisciplinary affinity. Both Schuyler and Adlai were some-
what vague in the details of what conceptual understanding means. But it was clear
that they explained conceptual understanding in class through mastery. For Adlai
especially, it clearly meant knowing more than a recipe for getting an answer.
In a very similar way, individual work takes away the assistance that having
classmates work together brings. Working independently requires individual mastery
and, as Adlai said, it lets you “target what you need more help with.” Educators
should work to find a balance between group work – vital for active, constructivist
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learning – and individual work which can grow student mastery by removing the
safety net of classmates.
Multi-step problems also require mastery. It means synthesizing separate ideas
and knowing which bits of information are required to solve problems. Adlai said
multi-step problems test the ability of students because of this added difficulty.
The two research questions tackled in this chapter and the seemingly different
classroom characteristics considered boil down to two simple concepts. Interest and
mastery orientation are integral to interdisciplinary affinity. And significant quantita-
tive links outlined in Chapter 3 are essentially connected through these two concepts.
Besides employing specific pedagogical tools discussed here, educators should be aware
of the deeper levels of interest and mastery orientation needed and should look for
ways to foster these within students.
The framework of incremental and entity views of intelligence also offers in-
terpretations of this data. Although not discussed much in this chapter, it does help
explain why physics identity is more closely related to interdisciplinary affinity than
math identity. It might also help explain the connections between specific physics
classroom characteristics and interdisciplinary affinity. Dweck and Molden (2005)
outline several areas in which an incremental view of intelligence is connected to self-
regulated learning strategies and mastery orientation motivations. Future research
could explore the connection between interdisciplinary affinity, the physics classroom,
and views on intelligence
Returning to quantitative data, the following chapter will continue this study
by improving the measurement of interdisciplinary affinity. It will use theory to de-
velop questions intended to measure different dimensions of interdisciplinary affinity.




A Better Definition of
Interdisciplinary Affinity and its
Connections to Physics Identity
In Chapter 3, results showed a positive, significant correlation between inter-
disciplinary affinity and physics identity. Among the limitations of that work are that
Comic source: “Piled Higher and Deeper” by Jorge Cham, www.phdcomics.com
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interdisciplinary affinity was defined by only two survey questions and physics iden-
tity by four survey items. Also, that work did not investigate any specific questions
pertaining to how interdisciplinary affinity is connected to the different dimensions
of physics identity. Therefore, work for this chapter used a new data set to better
define the interdisciplinary affinity construct, the physics identity construct, and fur-
ther investigate the quantitative links between interdisciplinary affinity and physics
identity.
This chapter is guided by two research questions:
Q1. How can the quantitative interdisciplinary affinity indicator be improved?
Q2. How is the new interdisciplinary affinity indicator connected with physics iden-
tity and with the interest and recognition components of physics identity?
5.1 Methods: The OPSCI study and data analysis
This study draws from survey data obtained as part of the Outreach Pro-
grams and Science Career Intentions (OPSCI) project (NSF Grant No. 1161052).
The goal of this project was to investigate pre-college outreach-related factors and
their influence on the choice of STEM major and on career interest. Colleges and
universities with a Science Talent Expansion Program (STEP) were asked to partic-
ipate. These institutions have programs seeking to increase the number of STEM
graduates. Of these, 27 institutions returned 15,847 individual surveys. Like SaGE,
this study sought freshman students in introductory English classes to obtain the
broadest range of career intentions. There were a few exceptions in which classes
other than English were chosen. In these cases, they were freshman courses that
serve all or most incoming students.
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The survey asked about a variety of topics including physics identity and hy-
pothesized qualities of interdisciplinarity. For reasons outlined by Potvin and Hazari
(2013), this survey focused only on the interest and recognition dimensions of physics
identity. Factor analysis confirmed the clear distinction of the two dimensions. The
interest component of physics identity was constructed from students’ responses to “I
am interested in learning more about physics,” “Topics in physics excite my curios-
ity,” and “I enjoy learning about physics.” Recognition was built from responses to
“My physics teacher sees me as a physics person,” “My family sees me as a physics
person,” “Others ask me for help in physics,” and “My friends/classmates see me as
a physics person.”
The items used to measure interdisciplinary affinity were guided primarily by
the work of Borrego and Newswander (2010) who analyzed interdisciplinary research
grants and defined four characteristics of interdisciplinarity. The OPSCI survey in-
cluded 13 items; intentionally designed to assess “disciplinary grounding,” “integra-
tion,” “communication and translation,” and “critical awareness.” A list of the 13
items and their corresponding dimension of interdisciplinarity is shown in Table 5.1.
All identity and interdisciplinary affinity items asked for responses on an anchored
six point scale from strongly disagree to strongly agree.
The particular items were informed by the prior work described in Chapter 3
and discussion among the OPSCI team members. Two of the items, “I identify rela-
tionships between topics from different courses” and “I hope to gain general knowledge
across multiple fields,” came from the work in Chapter 3. They were included here
to maintain a link to that previous work. Other ideas came from a small pilot study
(also described in Chapter 3) which was conducted in an introductory physics class.
This consisted of an open ended survey, that asked students to respond to the two























































































































































































































































































































































































































































































































































































besides informing the construction of several items, the pilot study led to the inclusion
of “Being ‘well rounded’ is important to me.”
The final OPSCI survey was administered to 57 students to establish test-
retest reliability. Pearson correlations were calculated for continuous variables with a
mean of 0.73 for the entire survey. In particular, the items used for physics identity
averaged 0.82 and the 13 items intended to measure interdisciplinary affinity averaged
0.58. Of these, four items that were chosen to represent interdisciplinary affinity in
the final analysis had a test-retest correlation of 0.63.
To answer research question 1, exploratory factor analysis (EFA) was employed
to see how the survey items listed in Table 5.1 grouped into factors. Poorly loading
items were removed and factors were evaluated for face validity. In addition, fac-
tors were correlated with students’ interest in a range of academic fields to support
concurrent criterion-related validity of the measurement of interdisciplinary affinity.
Research question 2 required analyzing how the resulting interdisciplinary
affinity measure correlated with physics identity and the components of physics iden-
tity. As in Chapter 3, statistical analyses were done using R version 2.15.3 (R Core
Team, 2013) and the significance threshold used was p < 0.01. The code used for the
analyses in this chapter is provided in Appendix E.
5.2 Results and Discussion
The first step was to establish a valid and more complete definition of inter-
disciplinary affinity than was previously used. To accomplish this, exploratory factor
analysis was used to build a measure of interdisciplinary affinity from the items shown
in Table 5.1. Note that the table only represents the theory behind the work. If the
data were to confirm the framework of Borrego and Newswander (2010), results would
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show four factors with the individual survey items falling into groups as shown in Ta-
ble 5.1.
To begin, all the items shown in Table 5.1 were entered in the EFA except
the two referring specifically to STEM courses. It was decided that the best measure
of interdisciplinary affinity should not have any bias towards or against particular
disciplines, so any reference to specific academic fields would be problematic. The
remaining eleven items were loaded onto four factors. After removing poorly loading
items and reducing the number of factors accordingly, the final result was seven items
loading onto two factors. These results are shown in Table 5.2. One factor, called
“Expert”, consisted of the items “I am certain of my chosen career path,” “Being an
expert in my chosen field of study is important to me,” and “Being ‘well rounded’
is important to me.” The second, called “Integration”, consisted of “I identify rela-
tionships between topics from different courses,” “I hope to gain general knowledge
across multiple fields,” “Talking with people who have different interests than me is
fascinating,” and “People in my intended major could learn a lot from other fields.”
The first two of these integration items were used in Chapter 3 which supported the
validity of these two items and allowed some continuity in the research process.
The result from this analysis was that the items were not able to validate
the four components of interdisciplinarity presented by Borrego and Newswander
(2010). The “Integration” factor includes survey items from across three of the four
hypothesized components of interdisciplinarity. Somewhat surprising was that being
“well rounded” was factored with the two items intended to measure “Disciplinary
Grounding.” A possible explanation is that, while some students associate being “well
rounded” with interdisciplinary integration, it may also transcend that definition in
students’ minds because being “well rounded” is so emphasized in education contexts









































































































































































































































































































































































































being “well rounded,” they may see it as a goal they want to achieve in their education
(like being an expert in their chosen field of study) rather than the particulars of what
it means in the context of interdisciplinary integration. This is supported by the
distribution of student answers to this item which is skewed toward “strongly agree”
in the same way in which the other two items in our “Expert” factor are. Figure 5.1
shows the histogram of responses to this item, illustrating the skewed distribution.
On the other hand, the survey items that factored into “Integration” all exhibited
an approximately normal distribution. The items in the “Integration” factor come
from across three of the hypothesized interdisciplinary components of Table 5.1. This
could mean that distinctions between these components cannot be found by these
survey items or that these distinctions do not exist. It is also possible that college
students (mostly freshmen) have not developed the expertise to recognize the nuance
of Borrego’s factors, which emerged from a study of research grants.
To further validate the measure of interdisciplinary affinity, correlations were
calculated between interdisciplinary affinity and interests in a variety of academic top-
ics. On the OPSCI survey, a series of questions asked students to rate their interest
in the following areas, “languages (including English),” “physical sciences,” “athlet-
ics,” “biological and life sciences,” “math and computer science,” “social studies,”
“art, music, theater, etc.,” and “engineering.” A factor analysis showed that these
items factored into the following five categories: (1) science (physical and biologi-
cal/life), (2) math/engineering, (3) arts (fine arts and languages), (4) social studies,
and (5) athletics. The loadings of the factor analysis are shown in Table 5.3.
Responses to these five categories were averaged to measure breadth of inter-
ests (a higher rating indicates higher interests in more areas). The “Integration” factor
was significantly and positively correlated with broad interests (r = 0.38, p < 0.001,
n = 12, 605). While “Expert” was also significantly correlated with broad interests,
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Figure 5.1: Histogram of responses on the OPSCI survey to the item “Being well-































































































































































































































































































the correlation was much smaller (r = 0.18, p < 0.001, n = 12, 939). This difference
was statistically different at the p < 0.001 level. It is likely that, though a certain
degree of disciplinary grounding is required for interdisciplinarity, it is also a charac-
teristic of a large number of students who have no interdisciplinary affinity. As such,
including it in a quantitative measurement of interdisciplinary affinity is problematic.
Since integration is regarded in the literature as the essential component of interdisci-
plinarity (Boix Mansilla and Dawes Duraising, 2007; Borrego and Newswander, 2010;
Lattuca and Knight, 2010), and since it has the benefits of connecting to prior work,
as well as of face and criterion-related validity, this chapter used only the four survey
items of the “Integration” factor as the measure of interdisciplinary affinity.
Answering the second research question required building multivariate linear
models with physics identity and its components as outcomes. Though the OPSCI
survey did not include items measuring agency and epistemic beliefs, it did include
control variables comparable to those used in Chapter 3. These include gender, socio-
economic status (SES) related factors, grades, enjoying physics class, and the role of
science in family life. Table 5.4 shows a model with physics identity as the outcome
and interdisciplinary affinity and controls as predictors. The result is very similar
to the results of Chapter 3 (see Table 3.1). Interdisciplinary affinity is a significant,
positive predictor of physics identity (β = 0.17, p < 0.001). Gender (β = 0.23,
p < 0.001) and physics grades (β = 0.06, p < 0.001) were significant controls along
with math (β = 0.10, p < 0.001) and English (β = −0.04, p < 0.001) scores. Two
family background controls were also significant: having a father with a STEM related
career (β = 0.04, p < 0.01) and a family viewing science as a hobby (β = 0.05,
p < 0.001). These results confirm that even when demographics, family support
for science, and academic performance are controlled, interdisciplinary affinity is a
significant, positive predictor of physics identity.
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Table 5.4: Regression model predicting physics identity (N=6,960).
∗∗: p < 0.01; ∗ ∗ ∗: p < 0.001; ns: not significant.
Parameter Est. Std. Err. β Sig.
Intercept -2.10 0.15 ∗ ∗ ∗
Race and SES ns
Gender (0 = Female, 1 = Male) 0.73 0.03 0.23 ∗ ∗ ∗
Physics grade 0.12 0.03 0.06 ∗ ∗ ∗
Math scores† 1.11 0.13 0.10 ∗ ∗ ∗
Science scores† 0.41 0.17 0.03 ns
English scores† -0.57 0.14 -0.04 ∗ ∗ ∗
Mother has STEM related career 0.02 0.14 0.00 ns
Father has STEM related career 0.13 0.04 0.04 ∗∗
Family science hobbies 0.25 0.06 0.05 ∗ ∗ ∗
Liked their physics class 0.62 0.02 0.45 ∗ ∗ ∗
Interdisciplinary Affinity 0.31 0.02 0.17 ∗ ∗ ∗
Adjusted R2 = 0.42
† A composite of class grades and standardized test scores.
But this chapter also asks how interdisciplinary affinity is related to the sub-
constructs of physics identity: interest and recognition. To examine these questions,
similar regression models were built with only physics interest and physics recognition
as outcomes. Models focusing on physics interest (see Table 5.5) and recognition (see
Table 5.6) as outcomes showed similar results with variations in effect size. The results
of the qualitative analysis in Chapter 4 suggested that interdisciplinary affinity is more
prominently connected to physics identity through interest rather than recognition.
The two models presented here also show difference with interdisciplinary affinity
being a stronger predictor of physics interest (β = 0.18, p < 0.001) than of physics
recognition (β = 0.15, p < 0.001). This difference is statistically significant at the
p < 0.001 level. It is interesting to note that academic performance indicators are
stronger predictors in the recognition model, while gender, liking physics class, and
interdisciplinary affinity are all stronger in the interest model.
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Table 5.5: Regression model predicting physics interest (N=6,960).
∗∗: p < 0.01; ∗ ∗ ∗: p < 0.001; ns: not significant.
Parameter Est. Std. Err. β Sig.
Intercept -1.83 0.16 ∗ ∗ ∗
Race and SES ns
Gender (0 = Female, 1 = Male) 0.83 0.04 0.23 ∗ ∗ ∗
Physics grade 0.08 0.03 0.04 ns
Math scores† 0.90 0.14 0.08 ∗ ∗ ∗
Science scores† 0.30 0.19 0.02 ns
English scores† -0.60 0.15 -0.04 ∗ ∗ ∗
Mother has STEM related career 0.02 0.05 0.01 ns
Father has STEM related career 0.13 0.04 0.04 ∗∗
Family science hobbies 0.25 0.06 0.04 ∗ ∗ ∗
Liked their physics class 0.70 0.02 0.46 ∗ ∗ ∗
Interdisciplinary Affinity 0.35 0.02 0.18 ∗ ∗ ∗
Adjusted R2 = 0.41
† A composite of class grades and standardized test scores.
Table 5.6: Regression model predicting physics recognition (N=6,960).
∗∗: p < 0.01; ∗ ∗ ∗: p < 0.001; ns: not significant.
Parameter Est. Std. Err. β Sig.
Intercept -2.38 0.15 ∗ ∗ ∗
Race and SES ns
Gender (0 = Female, 1 = Male) 0.63 0.03 0.20 ∗ ∗ ∗
Physics grade 0.16 0.03 0.08 ∗ ∗ ∗
Math scores† 1.32 0.13 0.12 ∗ ∗ ∗
Science scores† 0.52 0.17 0.04 ∗∗
English scores† -0.54 0.14 -0.04 ∗ ∗ ∗
Mother has STEM related career 0.01 0.04 0.00 ns
Father has STEM related career 0.13 0.05 0.04 ns
Family science hobbies 0.25 0.06 0.05 ∗ ∗ ∗
Liked their physics class 0.54 0.02 0.39 ∗ ∗ ∗
Interdisciplinary Affinity 0.26 0.02 0.15 ∗ ∗ ∗
Adjusted R2 = 0.42
† A composite of class grades and standardized test scores.
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5.3 Conclusions and Future Work
This chapter takes another step in the development of a quantitative measure
of interdisciplinary affinity. While Chapter 3 used only two survey items, this work
has now established four valid, reliable survey items for measuring interdisciplinary
affinity. Unfortunately, the data did not confirm the theoretical framework of Borrego
and Newswander (2010). Though the items used on the OPSCI survey were intended
to map to the four hypothesized dimensions of interdisciplinarity, only one factor
useful for measuring interdisciplinary affinity emerged instead of four. Additional
work should be done to develop more survey items and try to distinguish different
possible dimensions of interdisciplinary affinity. More pilot studies probing students’
conceptions of interdisciplinarity might suggest more key concepts by which students
conceive of interdisciplinarity.
The OPSCI survey also included new items that can be used to better measure
physics identity. Though physics interest and recognition have been found to be the
vital components of physics identity (Potvin and Hazari, 2013), the SaGE survey
used in Chapter 3 only included two items capturing interest and two for recognition.
By using three items to represent physics interest and four for recognition, this work
captures more variance of physics identity and is another important step in developing
quantitative tools for measuring physics identity.
Results of the linear models showed that interdisciplinary affinity is a signifi-
cant and positive predictor of physics identity as well as both interest and recognition
components of identity. The physics identity model shows very similar results as
those from Chapter 3. This only adds to the evidence that there is an interesting link
between interdisciplinary affinity and physics identity. New results in this chapter re-
vealed a stronger link of interdisciplinary affinity to physics interest that is consistent
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with the qualitative results presented in Chapter 4.
These models also raised some interesting questions not directly related to the
research questions. Perhaps unsurprisingly, physics grades and other academic per-
formance indicators were more strongly linked to physics recognition than to interest.
Also, liking their physics course led students to rate higher physics interest. There
is also a slight difference in the strength of the gender predictor in the two models.
These are interesting links that might be investigated further with qualitative meth-





“Begin at the beginning, and go on till you come
to the end: then stop.”
- The King of Hearts
Alice’s Adventures in Wonderland
This dissertation set out to define, understand, and measure a concept called
interdisciplinary affinity and investigate its links to physics identity. There were two
purposes. First, it would expand the horizons of research on both interdisciplinar-
ity and physics identity. Second, it would offer physics educators insight into the
development of interdisciplinary affinity and physics identity in high school students.
Chapter 1 introduced interdisciplinarity, placed it in its historical context and
outlined the arguments for the importance of interdisciplinarity. Chapter 2 provided
an overview of the theoretical frameworks of interdisciplinary education and research
and that of physics identity. Also, it justified the need for a simple definition of
interdisciplinarity that encompasses students interests and ideas. Labeling it “inter-
disciplinary affinity,” Chapter 3 examined a way of measuring it. It was shown that
this measurement of interdisciplinary affinity has significant, interesting connections
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to physics identity and several physics classroom pedagogies are significantly related
to interdisciplinary affinity. Chapter 4 investigated these links using interviews with
select students in a high school physics class that was also observed. Finally, Chapter 5
used another, national survey to further develop the measurement of interdisciplinary
affinity and its connection to physics identity. This final chapter will summarize these
results and comment on possible future work.
6.1 Summary of Findings
Interdisciplinarity has been a topic of interest to educators and researchers for
about 40 years (Kockelmans, 1979a; Michel et al., 2011). While it has a heritage in
the traditions of the liberal arts and general education, interdisciplinarity also has
a place in the realm of vocationalism and training (Dare, 2001). Interdisciplinarity
stresses the connections between subject areas and promotes a more holistic view
of information. But it also fosters skills needed in various occupations. Because of
this position straddling various philosophies of schooling and because of its desirable
outcomes, it is an important concept for researchers and practitioners to understand.
Various frameworks have been used to understand interdisciplinarity. Two
things emerge from these frameworks. First, most researchers acknowledge that a
key idea when thinking about interdisciplinarity is “integration” (Klein and Newell,
1998; Lattuca and Knight, 2010). This includes integration of information and also
points of view. An interdisciplinary researcher not only synthesizes information from
multiple disciplines but also understands and appreciates the ways of thinking of other
disciplines. Secondly, it is also apparent that a universally accepted definition of in-
terdisciplinarity does not exist (Lattuca and Knight, 2010). While interdisciplinarity
carries the general connotation of integration of multiple disciplines, specific defini-
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tions vary based on the extent of that integration. For example, do new academic
frameworks need to be established to truly call a research subject interdisciplinary?
What characterizes true “integration”?
Another issue with the state of research on interdisciplinarity is its limited
scope. The literature emphasizes performance outcomes with little consideration
of affective states. Therefore, this work defined “interdisciplinary affinity,” which
was based on students’ interests in being interdisciplinary as well as their beliefs in
their ability to be interdisciplinary. Also, the emphasis in the literature is on college
education and on research. There is less research focusing on interdisciplinarity at
the high school level and below. If interdisciplinarity is something needed in college
students and graduates, interdisciplinary affinity is something that students should
be developing in high school, particularly since affinities are more related to long-term
engagement than task performances (Bandura, 1997; Hazari et al., 2010a). Therefore,
this work also focused on high school experiences and beliefs during the time of
transition to college.
A physics identity framework was used to connect interdisciplinary affinity to
the subject of physics. This framework was drawn primarily from work by Hazari
et al. (2010b) and from subsequent refinements outlined by Potvin and Hazari (2013).
Because physics identity is strongly linked to physics career choice and because it
captures students’ engagement with the field, it is a valuable framework to use when
seeking to identify ways to engage a larger and more diverse population of students.
Drawing from prior work, physics identity was measured using items that ask students
about their interest in physics and how they feel recognized by others as a “physics
person.”
Having developed and validated a preliminary measure of interdisciplinary
affinity, the results of this work showed a relationship between interdisciplinary affinity
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and physics identity. This positive and statistically significant relationship existed
even when academic performance and student ideas about science and engineering
were controlled. Even more intriguing was the fact that when the same factors were
controlled in a linear model predicting math identity, interdisciplinary affinity was
not a statistically significant predictor. This raised questions about how students
view math and physics differently as well as questions regarding the relationship
between interdisciplinary affinity and physics identity given the reputation physics
has of isolation (National Science Board, 1998; Ortega and Antell, 2000; Van Leeuwen
and Tijssen, 2000; Kessels et al., 2006).
The same data also showed relationships between several characteristics of
high school physics classes and students’ interdisciplinary affinity. These were class
topics relevant to students’ lives, the level of conceptual understanding required in
the class, and questions requiring several steps of calculations. Results suggested
that encountering these in a high school physics class might help students develop
interdisciplinary affinity or better engage the students who have interdisciplinary
affinity. Several of these are supported by research showing that at least one reason
interdisciplinary pedagogy is successful because it engages students’ varied interests
(Elmesky, 2005; Garcia et al., 2010; van der Veen, 2012).
To answer some of these questions raised by the initial quantitative results,
qualitative data was employed through interviews. Focusing on three students taking
a high school physics class, the qualitative data attempted to answer questions about
the link between interdisciplinary affinity and physics identity (including why the
link with physics identity is different than the link with math identity) and possible
explanations for the links between the physics classroom and interdisciplinary affinity.
First, results showed that all the students discussed their conceptions of physics
identity in terms of interest more often then when discussing math identity. Since in-
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terest is a key component of interdisciplinary affinity, it seems likely that if students
see physics identity developed through interest, it will have a stronger connection
to interdisciplinary affinity. If students see math identity as primarily connected to
performance and competence, they will be less likely to see it as relevant to their in-
terdisciplinary affinity. The results suggested that interdisciplinary affinity is linked
to physics identity because, despite stereotypes to the contrary, high school stu-
dents that have interdisciplinary affinity see opportunities to engage their interests in
physics topics.
In-depth interviews with the students also provided insight into connections
between physics class and interdisciplinary affinity. Real-life topics offer even more
ways for students to engage their interdisciplinary interests in physics class. Previous
research has shown that real-life connections are connected to interests (Hulleman
and Harackiewicz, 2009). In particular, they show students how physics topics con-
nect to their other interests and values. A focus on conceptual understanding, the
use of multi-step problems, and individual work all seem to be connected to students
mastery of physics concepts. Literature stresses the importance of students’ mastery
orientation (Ames, 1992; Eccles and Wigfield, 2002; Linnenbrink and Pintrich, 2002),
and both quantitative and qualitative results suggest it is also connected to interdis-
ciplinary affinity. This indirect link through mastery orientation might explain why
these classroom characteristics were found to significantly predict interdisciplinary
affinity in the linear models.
Finally, the measurement of interdisciplinary affinity was further refined based
on theory to re-validate and further explicate its connections to physics identity. A
new survey was developed that included several items hypothesized to capture nu-
ances of interdisciplinary affinity. They were designed to align with four dimensions
of interdisciplinarity outlined by Borrego and Newswander (2010). However, an ex-
95
ploratory factor analysis did not group the items in line with the theory. Instead, four
items emerged that were consistent with the previous measure and held up to further
validity testing. These were used as a measure of interdisciplinary affinity in linear
models predicting physics identity, physics interest, and recognition as a physics per-
son. Results confirmed the earlier results, showing a significant, positive relationship
between interdisciplinary affinity and physics identity. Interdisciplinary affinity was
also a significant, positive predictor in two other models with physics interest and
recognition as outcomes. However, consistent with the conclusions of the qualitative
results, the relationship to physics interest was stronger than that with recognition.
In sum, this work made the following key findings:
• It established a valid measurement of interdisciplinary affinity.
• Interdisciplinary affinity is significantly and positively related to physics iden-
tity, and the relationship is stronger than one with math identity.
• Several characteristics of high school physics classrooms are significantly related
to interdisciplinary affinity.
• Mastery orientation provides an explanation for the link between the classroom
and interdisciplinary affinity.
6.2 Limitations
As with any research, this work has some limitations. Some of these limitations
can be addressed by future studies.
First, the cross-sectional quantitative data obtained from the SaGE and OP-
SCI studies is limited in the questions it can answer. The data were obtained from
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first year college students across the United States. While it has the advantage of
statistical power and is representative of that section of the population, it is not repre-
sentative of students who do not attend college or students from other nations. Also,
the OPSCI study only included colleges which had received STEP grants. But more
importantly, the quantitative data can not determine causation. The statistically
significant relationships described in this work only describe correlation.
To address the problem of understanding causation, this work also employed
qualitative data. The primary limitation of the qualitative data and results is that
of generalization. First, the three students involved in the case study were all male.
Second, though multi-ethnic, the students did not include African-American, Asian,
or other minorities. Finally, the three students are unique individuals and their
feelings and ideas, their backgrounds, and their school is not necessarily representative
of all physics students. Therefore, though the qualitative results provide great insight
into connections between factors, the results will not be the same for every student.
6.3 Future Work
These results offer a few paths for future research. Just as this dissertation
had a dual purpose (developing a useful framework of interdisciplinary affinity and
discovering practical insight for educators), future work can parallel these paths.
First more work can be done to further develop the interdisciplinary affin-
ity framework. Future surveys should include more items intended to capture the
subtleties of interdisciplinary affinity. Perhaps more iterations like that outlined in
Chapter 5 will result in identifying separate components of interdisciplinary affinity.
The items to be used on these surveys can be informed by theory and qualitative
data. For example, more open-ended surveys and interviews with students can lend
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insight into what students think interdisciplinarity is and how it connects to their
interests and goals.
Also, researchers interested in interdisciplinarity should consider alternatives
to the traditional ways of thinking of interdisciplinarity. Interdisciplinary affinity was
a way of moving beyond a performance paradigm by considering students interests
and beliefs. More research should be done on interdisciplinary self-efficacy, identity,
and epistemic beliefs. There is also a need to expand research on interdisciplinarity
to the high school level and below since most of the prior research is at the post-
secondary level.
At the practical level, additional research is needed to connect high school
experiences to interdisciplinarity and interdisciplinary affinity. Chapters 3 and 4 dis-
cussed a few classroom characteristics that were found to connect to interdisciplinary
affinity. But the adjusted R2 in the linear model was very low. It is likely that
there are more home, school, and classroom factors that influence students’ inter-
disciplinary affinity. Exploratory studies like SaGE which use a national survey to
discover connections might uncover more factors that influence the development of
interdisciplinary affinity, especially if purposely designed to do so (neither SaGE nor
OPSCI were primarily intended for this purpose). Of course, qualitative data can also
provide insights towards answering these questions. Open-ended surveys and inter-
views probing students’ interdisciplinary affinities might uncover connections to their
experiences in the classroom. These should also be expanded to include a broader
population including women and other underrepresented populations.
There are also other theoretical frameworks that could be incorporated into
interdisciplinary affinity research. These are discussed below. Researchers working




The concepts of mastery and performance orientation played an important
role in the interpretation of the qualitative data. However, a quantitative measure of
mastery orientation was also found to be related to interdisciplinary affinity in the
quantitative data, lending support to the qualitative interpretation. However, the
data sources (interviews and classroom observations) were limited in their ability to
identify mastery orientation. Because it was not a focus of the research, there were no
interview questions designed to identify the motivations of the students interviewed.
Future work in this area should draw on both quantitative and/or qualitative
data to better understand the ways in which mastery orientation and interdisciplinary
affinity are connected. For example, new surveys could draw from motivation research
to include new items measuring mastery orientation and investigate connections to
interdisciplinary affinity. Interviews with students could also shed light on how stu-
dents’ motivations relate to their interdisciplinary affinity.
Self-Theories
Self-theories describe an individuals’ views on the nature of personal qualities
(Dweck and Molden, 2005). In particular, is intelligence innate and unchanging (an
entity perspective) or something that can be developed and improved over time with
study and effort (an incremental view)? Students with entity views are more likely
to give up in the face of difficulty or failure and avoid situations in which they might
not succeed. However, those with incremental views are more likely to have mastery
orientation and engage with new tasks (Dweck and Leggett, 1988; Dweck and Molden,
2005). Therefore, it is easy to see how a student with an incremental view might be
more likely to have interdisciplinary affinity. The student with an incremental view
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would be more likely to see interdisciplinarity as a challenge to pursue while the
student with an entity view is more likely to stay within their academic comfort zone.
This work did not ask students about their views of knowledge. Future work
should include entity and incremental views in qualitative and quantitative studies.
The Implicit Theories of Intelligence Scale has been used to study Engineering stu-
dents’ beliefs and their learning strategies (Stump et al., 2014). A similar study could
could elucidate the connections between classroom pedagogy and interdisciplinary
affinity through student views of intelligence.
Epistemology
Investigations of students’ epistemic beliefs in the context of interdisciplinary
affinity might also provide interesting avenues for research. It would be interesting
to see what epistemic beliefs are correlated with interdisciplinary affinity. This would
be a complicated question that probably overlaps with intelligence beliefs. At least
one model of epistemic beliefs includes self-theories of intelligence (Schommer, 1990).
Others recognize that these views of intelligence may be correlated with epistemic
beliefs (Hofer and Pintrich, 1997).
In particular, the epistemic beliefs of students with interdisciplinary affinity
would be interesting to explore. Research indicates epistemic beliefs are domain spe-
cific (Paulsen and Wells, 1998; Muis, 2004). Palmer and Marra (2004) found that
students’ epistemic beliefs in science contexts differed from their epistemic beliefs in
social sciences and humanities. It would be interesting to see how students who have
affinities for different domains integrate the epistemic beliefs of those domains. If a
student had a strong interdisciplinary affinity for both physics and a subject in the
humanities, how would that student’s epistemic beliefs be different or similar in those
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domains? How would those beliefs inform each other and evolve?
The results of this research provide signs for optimism that physics has op-
portunities to engage students through interdisciplinary affinity. Students do see
ways in which physics can connect with their real-life experiences and other inter-
ests. There are ways in which teachers can design their physics classes to help foster
interdisciplinary affinity. With more work exploring various connections between in-
terdisciplinary affinity and other research frameworks, researchers can make more
progress towards understanding what students think about interdisciplinarity and

















Appendix B R Code for Chapter 3 Analyses
# Load l i b r a r i e s
l i b r a r y ( car )
l i b r a r y ( QuantPsyc )
l i b r a r y ( Amelia )
l i b r a r y ( Z e l i g )
## Load the SaGE data :
load ( ”˜/Desktop/ Research /R F i l e s /SaGEdatause . RData” )
# Recode r e l e v a n t v a r i a b l e s
SaGE$Q24ar <− recode (SaGE$Q24a , ’ 0=4;1=3;3=1;4=0 ’ )
SaGE$Q5ar <− recode (SaGE$Q5a , ’ 1=1; e l s e =0 ’ )
SaGE$Q5br <− recode (SaGE$Q5b , ’ 1=1; e l s e =0 ’ )
SaGE$Q5cr <− recode (SaGE$Q5c , ’ 1=1; e l s e =0 ’ )
SaGE$Q5dr <− recode (SaGE$Q5d , ’ 1=1; e l s e =0 ’ )
SaGE$Q5er <− recode (SaGE$Q5e , ’ 1=1; e l s e =0 ’ )
SaGE$Q5fr <− recode (SaGE$Q5f , ’ 1=1; e l s e =0 ’ )
SaGE$Q5gr <− recode (SaGE$Q5g , ’ 1=1; e l s e =0 ’ )
SaGE$Q5hr <− recode (SaGE$Q5h , ’ 1=1; e l s e =0 ’ )
SaGE$ Q5ir <− recode (SaGE$Q5i , ’ 1=1; e l s e =0 ’ )
SaGE$Q5jr <− recode (SaGE$Q5j , ’ 1=1; e l s e =0 ’ )
SaGE$Q10Phys ar <− recode (SaGE$Q10Phys a , ’ 1=1; e l s e =0 ’ )
SaGE$Q10Phys br <− recode (SaGE$Q10Phys b , ’ 1=1; e l s e =0 ’ )
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SaGE$Q10Phys cr <− recode (SaGE$Q10Phys c , ’ 1=1; e l s e =0 ’ )
SaGE$Q10Phys dr <− recode (SaGE$Q10Phys d , ’ 1=1; e l s e =0 ’ )
SaGE$Q10Phys er <− recode (SaGE$Q10Phys e , ’ 1=1; e l s e =0 ’ )
SaGE$Q10Phys f r <− recode (SaGE$Q10Phys f , ’ 1=1; e l s e =0 ’ )
SaGE$Q10Phys gr <− recode (SaGE$Q10Phys g , ’ 1=1; e l s e =0 ’ )
SaGE$Q10Phys hr <− recode (SaGE$Q10Phys h , ’ 1=1; e l s e =0 ’ )
SaGE$Q10Phys i r <− recode (SaGE$Q10Phys i , ’ 1=1; e l s e =0 ’ )
SaGE$Q10Phys j r <− recode (SaGE$Q10Phys j , ’ 1=1; e l s e =0 ’ )
SaGE$Q10Phys kr <− recode (SaGE$Q10Phys k , ’ 1=1; e l s e =0 ’ )
SaGE$Q10Phys l r <− recode (SaGE$Q10Phys l , ’ 1=1; e l s e =0 ’ )
SaGE$Q12Phys ar <− recode (SaGE$Q12Phys a , ’ 1=1; e l s e =0 ’ )
SaGE$Q12Phys br <− recode (SaGE$Q12Phys b , ’ 1=1; e l s e =0 ’ )
SaGE$Q12Phys cr <− recode (SaGE$Q12Phys c , ’ 1=1; e l s e =0 ’ )
SaGE$Q12Phys dr <− recode (SaGE$Q12Phys d , ’ 1=1; e l s e =0 ’ )
SaGE$Q12Phys er <− recode (SaGE$Q12Phys e , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys ar <− recode (SaGE$Q13Phys a , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys br <− recode (SaGE$Q13Phys b , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys cr <− recode (SaGE$Q13Phys c , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys dr <− recode (SaGE$Q13Phys d , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys er <− recode (SaGE$Q13Phys e , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys f r <− recode (SaGE$Q13Phys f , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys gr <− recode (SaGE$Q13Phys g , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys hr <− recode (SaGE$Q13Phys h , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys i r <− recode (SaGE$Q13Phys i , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys j r <− recode (SaGE$Q13Phys j , ’ 1=1; e l s e =0 ’ )
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SaGE$Q13Phys kr <− recode (SaGE$Q13Phys k , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys l r <− recode (SaGE$Q13Phys l , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys mr <− recode (SaGE$Q13Phys m, ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys nr <− recode (SaGE$Q13Phys n , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys or <− recode (SaGE$Q13Phys o , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys pr <− recode (SaGE$Q13Phys p , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys qr <− recode (SaGE$Q13Phys q , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys r r <− recode (SaGE$Q13Phys r , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys s r <− recode (SaGE$Q13Phys s , ’ 1=1; e l s e =0 ’ )
SaGE$Q13Phys t r <− recode (SaGE$Q13Phys t , ’ 1=1; e l s e =0 ’ )
SaGE$Q15Phys ar <− recode (SaGE$Q15Phys a , ’ 1=1; e l s e =0 ’ )
SaGE$Q15Phys br <− recode (SaGE$Q15Phys b , ’ 1=1; e l s e =0 ’ )
SaGE$Q15Phys cr <− recode (SaGE$Q15Phys c , ’ 1=1; e l s e =0 ’ )
SaGE$Q15Phys dr <− recode (SaGE$Q15Phys d , ’ 1=1; e l s e =0 ’ )
SaGE$Q16Phys ar <− recode (SaGE$Q16Phys a , ’ 1=1; e l s e =0 ’ )
SaGE$Q16Phys br <− recode (SaGE$Q16Phys b , ’ 1=1; e l s e =0 ’ )
SaGE$Q16Phys cr <− recode (SaGE$Q16Phys c , ’ 1=1; e l s e =0 ’ )
SaGE$Q16Phys dr <− recode (SaGE$Q16Phys d , ’ 1=1; e l s e =0 ’ )
SaGE$Q16Phys er <− recode (SaGE$Q16Phys e , ’ 1=1; e l s e =0 ’ )
SaGE$Q16Phys f r <− recode (SaGE$Q16Phys f , ’ 1=1; e l s e =0 ’ )
SaGE$Q16Phys gr <− recode (SaGE$Q16Phys g , ’ 1=1; e l s e =0 ’ )
SaGE$Q16Phys hr <− recode (SaGE$Q16Phys h , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Mthr ar <− recode (SaGE$Q32Mthr a , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Mthr br <− recode (SaGE$Q32Mthr b , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Mthr cr <− recode (SaGE$Q32Mthr c , ’ 1=1; e l s e =0 ’ )
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SaGE$Q32Mthr dr <− recode (SaGE$Q32Mthr d , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Mthr er <− recode (SaGE$Q32Mthr e , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Mthr f r <− recode (SaGE$Q32Mthr f , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Fthr ar <− recode (SaGE$Q32Fthr a , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Fthr br <− recode (SaGE$Q32Fthr b , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Fthr cr <− recode (SaGE$Q32Fthr c , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Fthr dr <− recode (SaGE$Q32Fthr d , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Fthr er <− recode (SaGE$Q32Fthr e , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Fthr f r <− recode (SaGE$Q32Fthr f , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Sib ar <− recode (SaGE$Q32Sib a , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Sib br <− recode (SaGE$Q32Sib b , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Sib cr <− recode (SaGE$Q32Sib c , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Sib dr <− recode (SaGE$Q32Sib d , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Sib er <− recode (SaGE$Q32Sib e , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Sib f r <− recode (SaGE$Q32Sib f , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Othr ar <− recode (SaGE$Q32Othr a , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Othr br <− recode (SaGE$Q32Othr b , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Othr cr <− recode (SaGE$Q32Othr c , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Othr dr <− recode (SaGE$Q32Othr d , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Othr er <− recode (SaGE$Q32Othr e , ’ 1=1; e l s e =0 ’ )
SaGE$Q32Othr f r <− recode (SaGE$Q32Othr f , ’ 1=1; e l s e =0 ’ )
SaGE$Q33ar <− recode (SaGE$Q33a , ’ 1=1; e l s e =0 ’ )
SaGE$Q33br <− recode (SaGE$Q33b , ’ 1=1; e l s e =0 ’ )
SaGE$Q33cr <− recode (SaGE$Q33c , ’ 1=1; e l s e =0 ’ )
SaGE$Q33dr <− recode (SaGE$Q33d , ’ 1=1; e l s e =0 ’ )
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SaGE$Q33er <− recode (SaGE$Q33e , ’ 1=1; e l s e =0 ’ )
SaGE$Q33fr <− recode (SaGE$Q33f , ’ 1=1; e l s e =0 ’ )
SaGE$Q33gr <− recode (SaGE$Q33g , ’ 1=1; e l s e =0 ’ )
SaGE$Q33hr <− recode (SaGE$Q33h , ’ 1=1; e l s e =0 ’ )
SaGE$ Q33ir <− recode (SaGE$Q33i , ’ 1=1; e l s e =0 ’ )
SaGE$Q33jr <− recode (SaGE$Q33j , ’ 1=1; e l s e =0 ’ )
SaGE$Q33kr <− recode (SaGE$Q33k , ’ 1=1; e l s e =0 ’ )
SaGE$ Q33lr <− recode (SaGE$Q33l , ’ 1=1; e l s e =0 ’ )
SaGE$Q34r <− recode (SaGE$Q34 , ’ 2=1; e l s e =0 ’ )
SaGE$Q35Sci ar <− recode (SaGE$Q35Sci a , ’ 1=1; e l s e =0 ’ )
SaGE$Q35Sci br <− recode (SaGE$Q35Sci b , ’ 1=1; e l s e =0 ’ )
SaGE$Q35Sci c r <− recode (SaGE$Q35Sci c , ’ 1=1; e l s e =0 ’ )
SaGE$Q35Sci dr <− recode (SaGE$Q35Sci d , ’ 1=1; e l s e =0 ’ )
SaGE$Q35Sci e r <− recode (SaGE$Q35Sci e , ’ 1=1; e l s e =0 ’ )
SaGE$Q35Sci f r <− recode (SaGE$Q35Sci f , ’ 1=1; e l s e =0 ’ )
SaGE$Q35Sci f r e v <− recode (SaGE$Q35Sci f , ’ 1=0; e l s e =1 ’ )
SaGE$Q35Math ar <− recode (SaGE$Q35Math a , ’ 1=1; e l s e =0 ’ )
SaGE$Q35Math br <− recode (SaGE$Q35Math b , ’ 1=1; e l s e =0 ’ )
SaGE$Q35Math cr <− recode (SaGE$Q35Math c , ’ 1=1; e l s e =0 ’ )
SaGE$Q35Math dr <− recode (SaGE$Q35Math d , ’ 1=1; e l s e =0 ’ )
SaGE$Q35Math er <− recode (SaGE$Q35Math e , ’ 1=1; e l s e =0 ’ )
SaGE$Q35Math f r <− recode (SaGE$Q35Math f , ’ 1=1; e l s e =0 ’ )
SaGE$ Black <− recode (SaGE$Q41a , ’ 1=1; e l s e =0 ’ )
SaGE$SAsian <− recode (SaGE$Q41b , ’ 1=1; e l s e =0 ’ )
SaGE$OAsian <− recode (SaGE$Q41c , ’ 1=1; e l s e =0 ’ )
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SaGE$AmInd <− recode (SaGE$Q41d , ’ 1=1; e l s e =0 ’ )
SaGE$Cauc <− recode (SaGE$Q41e , ’ 1=1; e l s e =0 ’ )
SaGE$EAsian <− recode (SaGE$Q41f , ’ 1=1; e l s e =0 ’ )
SaGE$Hawaii <− recode (SaGE$Q41g , ’ 1=1; e l s e =0 ’ )
SaGE$Other <− recode (SaGE$Q41h , ’ 1=1; e l s e =0 ’ )
SaGE$Hisp <− SaGE$Q42
SaGE$Q38Grdhr <− recode (SaGE$Q38Grdh , ’
1=9;2=8;3=7;4=6;6=4;7=3;8=2;9=1 ’ )
SaGE$Q38Grdjr <− recode (SaGE$Q38Grdj , ’
1=9;2=8;3=7;4=6;6=4;7=3;8=2;9=1 ’ )
attach (SaGE)
## BUILD OTHER FACTORS
#I n t e r d i s c i p l i n a r y A f f i n i t y
SaGE$IDA <− (Q24b+Q24f ) /2
#Phys ics I d e n t i t y I n d i c a t o r
SaGE$ PII <− (Q27Phys b+Q27Phys c+Q27Phys d+Q27Phys g ) /4
#Math I d e n t i t y I n d i c a t o r
SaGE$MII <− (Q27Math b+Q27Math c+Q27Math d+Q27Math g ) /4
#Teacher q u a l i t y
SaGE$Teacher <− (Q20a+Q20b+Q20c+Q20d+Q20e+Q20f+Q20g) /7
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#Mastery o r i e n t a t i o n
SaGE$Master <− (Q1g+Q1h+Q1o)
detach (SaGE)
# subset data with only phys i c s grades repor ted
SaGEsub <− subset (SaGE, Q38Grdh>0 | Q38Grdi>0)
SaGEsub <− subset (SaGEsub , Q46=1)
SaGEsub <− subset (SaGEsub , s e l e c t =c ( ”Q3a” , ”Q3b” , ”Q3c” , ”Q3d” ,
”Q3e” , ”Q3f” , ”Q3g” , ”Q3h” , ”Q3i” , ”Q3j” , ”Q3k” , ”Q3l” , ”Q3m” , ”Q3n
” , ”Q5ar” , ”Q5br” , ”Q5cr” , ”Q5dr” , ”Q5er” , ”Q5fr” , ”Q5gr” , ”Q5hr” ,
” Q5ir ” , ”Q5jr” , ”Q6Phys” , ”Q7Phys” , ”Q8Phys” , ”Q9Phys” , ”Q10Phys
ar ” , ”Q10Phys br” , ”Q10Phys cr ” , ”Q10Phys dr” , ”Q10Phys er ” , ”
Q10Phys f r ” , ”Q10Phys gr ” , ”Q10Phys hr” , ”Q10Phys i r ” , ”
Q10Phys j r ” , ”Q11Phys a” , ”Q11Phys b” , ”Q11Phys c” , ”Q11Phys d
” , ”Q11Phys e” , ”Q11Phys f ” , ”Q11Phys g” , ”Q11Phys h” , ”Q11Phys
i ” , ”Q11Phys j ” , ”Q11Phys k” , ”Q11Phys l ” , ”Q12Phys ar ” , ”
Q12Phys br” , ”Q12Phys cr ” , ”Q12Phys dr” , ”Q12Phys er ” , ”
Q14Phys” , ”Q13Phys ar ” , ”Q13Phys br” , ”Q13Phys cr ” , ”Q13Phys
dr” , ”Q13Phys er ” , ”Q13Phys f r ” , ”Q13Phys gr ” , ”Q13Phys hr” , ”
Q13Phys i r ” , ”Q13Phys j r ” , ”Q13Phys kr ” , ”Q13Phys l r ” , ”
Q13Phys mr” , ”Q13Phys nr” , ”Q13Phys or ” , ”Q13Phys pr” , ”
Q13Phys qr ” , ”Q13Phys r r ” , ”Q13Phys s r ” , ”Q13Phys t r ” , ”
Q15Phys ar ” , ”Q15Phys br” , ”Q15Phys cr ” , ”Q15Phys dr” , ”
Q16Phys ar ” , ”Q16Phys br” , ”Q16Phys cr ” , ”Q16Phys dr” , ”
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Q16Phys er ” , ”Q16Phys f r ” , ”Q16Phys gr ” , ”Q16Phys hr” , ”
Q17Phys” , ”Q21a” , ”Q21b” , ”Q21c” , ”Q21d” , ”Q21e” , ”Q21f” , ”Q21g” ,
”Q21h” , ”Q21i” , ”Q24a” , ”Q24c” , ”Q24d” , ”Q24e” , ”Q24g” , ”Q24k” , ”
Q24l” , ”Q25a” , ”Q25b” , ”Q25c” , ”Q25d” , ”Q25e” , ”Q26a” , ”Q26b” , ”
Q26c” , ”Q26d” , ”Q26e” , ”Q26f” , ”Q26g” , ”Q29a” , ”Q29b” , ”Q29c” , ”
Q29d” , ”Q29e” , ”Q29f” , ”Q29g” , ”Q29i” , ”Q29j” , ”Q29k” , ”Q29l” , ”
Q29m” , ”Q29n” , ”Q29o” , ”Q29p” , ”Q29q” , ”Q30” , ”Q31a” , ”Q31b” , ”
Q32Mthr ar ” , ”Q32Mthr br” , ”Q32Mthr cr ” , ”Q32Mthr dr” , ”
Q32Mthr er ” , ”Q32Mthr f r ” , ”Q32Fthr ar ” , ”Q32Fthr br” , ”
Q32Fthr cr ” , ”Q32Fthr dr” , ”Q32Fthr er ” , ”Q32Fthr f r ” , ”Q33ar”
, ”Q33br” , ”Q33cr” , ”Q33dr” , ”Q33er” , ”Q33fr ” , ”Q33gr” , ”Q33hr” , ”
Q33ir ” , ”Q33jr ” , ”Q33kr” , ” Q33lr ” , ”Q35Sci ar ” , ”Q35Sci br” , ”
Q35Sci c r ” , ”Q35Sci dr” , ”Q35Sci e r ” , ”Q35Sci f r ” , ”Q35Math ar
” , ”Q35Math br” , ”Q35Math cr ” , ”Q35Math dr” , ”Q35Math er ” , ”
Q35Math f r ” , ”Q34” , ”Q38Lvlh” , ”Q38Grdhr” , ”Q38Grdjr” , ”Q40” , ”
Black ” , ”SAsian” , ”OAsian” , ”AmInd” , ”Cauc” , ”EAsian” , ”Hawaii ” ,
”Other” , ”Q42” , ”Q43a” , ”Q43b” , ”Q43c” , ”Q44” , ”Q46” , ”IDA” , ” PII ”
, ”MII” , ”AIMath” , ”AIEngl” , ” AISci ” , ”Teacher” , ”Master” ) )
## Mult ip l e Imputation code
a . out <− amel ia (SaGEsub , m=5, noms=c ( ”Q5ar” , ”Q5br” , ”Q5cr” , ”
Q5dr” , ”Q5er” , ”Q5fr” , ”Q5gr” , ”Q5hr” , ”Q10Phys br” , ”Q10Phys cr
” , ”Q10Phys dr” , ”Q10Phys er ” , ”Q10Phys f r ” , ”Q10Phys gr ” , ”
Q10Phys hr” , ”Q10Phys i r ” , ”Q10Phys j r ” , ”Q12Phys ar ” , ”
Q12Phys br” , ”Q12Phys cr ” , ”Q12Phys dr” , ”Q12Phys er ” , ”
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Q13Phys ar ” , ”Q13Phys br” , ”Q13Phys cr ” , ”Q13Phys dr” , ”
Q13Phys er ” , ”Q13Phys f r ” , ”Q13Phys gr ” , ”Q13Phys hr” , ”
Q13Phys i r ” , ”Q13Phys j r ” , ”Q13Phys kr ” , ”Q13Phys l r ” , ”
Q13Phys mr” , ”Q13Phys nr” , ”Q13Phys or ” , ”Q13Phys pr” , ”
Q13Phys qr ” , ”Q13Phys r r ” , ”Q13Phys s r ” , ”Q13Phys t r ” , ”
Q15Phys ar ” , ”Q15Phys br” , ”Q15Phys cr ” , ”Q15Phys dr” , ”
Q16Phys ar ” , ”Q16Phys br” , ”Q16Phys cr ” , ”Q16Phys dr” , ”
Q16Phys er ” , ”Q16Phys f r ” , ”Q16Phys gr ” , ”Q16Phys hr” , ”
Q32Mthr ar ” , ”Q32Mthr br” , ”Q32Mthr cr ” , ”Q32Mthr dr” , ”
Q32Mthr er ” , ”Q32Mthr f r ” , ”Q32Fthr ar ” , ”Q32Fthr br” , ”
Q32Fthr cr ” , ”Q32Fthr dr” , ”Q32Fthr er ” , ”Q32Fthr f r ” , ”Q33ar”
, ”Q33br” , ”Q33cr” , ”Q33dr” , ”Q33er” , ”Q33fr ” , ”Q33gr” , ”Q33hr” , ”
Q33ir ” , ”Q33jr ” , ”Q33kr” , ” Q33lr ” , ”Q35Sci ar ” , ”Q35Sci br” , ”
Q35Sci c r ” , ”Q35Sci dr” , ”Q35Sci e r ” , ”Q35Sci f r ” , ”Q35Math ar
” , ”Q35Math br” , ”Q35Math cr ” , ”Q35Math dr” , ”Q35Math er ” , ”
Q35Math f r ” , ”Q40” , ” Black ” , ”SAsian” , ”OAsian” , ”AmInd” , ”Cauc”
, ”EAsian” , ”Hawaii ” , ”Other” ) ,
ords=c ( ”Q11Phys a” , ”Q11Phys b” , ”Q11Phys c” , ”Q11Phys d” , ”
Q11Phys e” , ”Q11Phys f ” , ”Q11Phys g” , ”Q11Phys h” , ”Q11Phys i ”
, ”Q11Phys j ” , ”Q11Phys k” , ”Q11Phys l ” , ”Q31a” , ”Q31b” ) )
#recode Q31 to a l low lm . beta to work
f o r ( i in 1 : 5 )
{
a . out$ imputat ions [ [ i ] ] $Q31a 2<−recode ( a . out$ imputat ions [ [ i
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] ] $Q31a , ”2=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $Q31b 2<−recode ( a . out$ imputat ions [ [ i
] ] $Q31b , ”2=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $Q31a 3<−recode ( a . out$ imputat ions [ [ i
] ] $Q31a , ”3=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $Q31b 3<−recode ( a . out$ imputat ions [ [ i
] ] $Q31b , ”3=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $Q31a 4<−recode ( a . out$ imputat ions [ [ i
] ] $Q31a , ”4=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $Q31b 4<−recode ( a . out$ imputat ions [ [ i
] ] $Q31b , ”4=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $Q31a 5<−recode ( a . out$ imputat ions [ [ i
] ] $Q31a , ”5=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $Q31b 5<−recode ( a . out$ imputat ions [ [ i
] ] $Q31b , ”5=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $Q31a 6<−recode ( a . out$ imputat ions [ [ i
] ] $Q31a , ”6=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $Q31b 6<−recode ( a . out$ imputat ions [ [ i
] ] $Q31b , ”6=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $Q11Phys i 1<−recode ( a . out$ imputat ions
[ [ i ] ] $Q11Phys i , ”1=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $Q11Phys i 2<−recode ( a . out$ imputat ions
[ [ i ] ] $Q11Phys i , ”2=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $Q11Phys i 3<−recode ( a . out$ imputat ions
124
[ [ i ] ] $Q11Phys i , ”3=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $Q11Phys i 4<−recode ( a . out$ imputat ions
[ [ i ] ] $Q11Phys i , ”4=1; e l s e =0” )
}
#C o r r e l a t i o n s between phys i c s and math i d e n t i t i e s and IA
cor (SaGEsub$PI , SaGEsub$IDA, use=” complete ” )
cor . t e s t (SaGEsub$PI , SaGEsub$IDA, use=” complete ” )
cor (SaGEsub$MI, SaGEsub$IDA, use=” complete ” )
cor . t e s t (SaGEsub$MI, SaGEsub$IDA, use=” complete ” )
## Phys ics I d e n t i t y Model
summary( z e l i g ( PII ˜ IDA+Q24a+Q24d+Q24e+Q24k+Q24l+Q29a+Q29b+
Q29c+Q29d+Q29e+Q29f+Q29j+Q29k+Q29m+Q29n+Q29p+Q29q
#Contro l s
+as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+Q17Phys+as . f a c t o r (
Q32Mthr br )+as . f a c t o r ( Q32Fthr br )+as . f a c t o r ( Q35Sci
ar )+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+
AIEngl+Q38Grdhr , data=a . out$ imputations , model=” l s ” )
)
#remove p>0.2
summary( z e l i g ( PII ˜ IDA+Q24l+Q29a+Q29b+Q29c+Q29d+Q29e+Q29k+
Q29m+Q29n
#Contro l s
+as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+Q17Phys+as . f a c t o r (
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Q32Mthr br )+as . f a c t o r ( Q32Fthr br )+as . f a c t o r ( Q35Sci
ar )+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+
AIEngl+Q38Grdhr , data=a . out$ imputations , model=” l s ” )
)
#remove p>0.1
summary( z e l i g ( PII ˜ IDA+Q24l+Q29a+Q29c+Q29d+Q29e+Q29k+Q29m+
Q29n
#Contro l s
+as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+Q17Phys+as . f a c t o r (
Q32Mthr br )+as . f a c t o r ( Q32Fthr br )+as . f a c t o r ( Q35Sci ar )
+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+AIEngl+
Q38Grdhr , data=a . out$ imputations , model=” l s ” ) )
#remove p>0.05
summary( z e l i g ( PII ˜ IDA+Q24l+Q29a+Q29c+Q29e+Q29k+Q29m
#Contro l s
+as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+Q17Phys+as . f a c t o r (
Q32Mthr br )+as . f a c t o r ( Q32Fthr br )+as . f a c t o r ( Q35Sci ar )
+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+AIEngl+
Q38Grdhr , data=a . out$ imputations , model=” l s ” ) )
#remove p>0.01 ( f i n a l v e r s i on )
PImodel<−z e l i g ( PII ˜ IDA+Q29a+Q29c+Q29k
#Contro l s
+as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+Q17Phys+as . f a c t o r (
Q32Mthr br )+as . f a c t o r ( Q32Fthr br )+as . f a c t o r ( Q35Sci ar )
+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+AIEngl+
126
Q38Grdhr , data=a . out$ imputations , model=” l s ” )
summary( PImodel )
p r i n t ( summary( PImodel ) , subset =1:5)
#Ca l cu l a t i on o f standard c o e f f i c i e n t s and Rˆ2
P I f i r s t<−lm . beta ( lm( PII ˜ IDA+Q29a+Q29c+Q29k+as . f a c t o r (Q31a
2)+as . f a c t o r (Q31b 2)+as . f a c t o r (Q31a 3)+as . f a c t o r (Q31b 3)+
as . f a c t o r (Q31a 4)+as . f a c t o r (Q31b 4)+as . f a c t o r (Q31a 5)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31a 6)+as . f a c t o r (Q31b 6)+Q17Phys
+as . f a c t o r (Q32Mthr br )+as . f a c t o r ( Q32Fthr br )+as . f a c t o r (
Q35Sci ar )+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+
AIEngl+Q38Grdhr , data=a . out$ imputat ions [ [ 1 ] ] ) )
PIsecond<−lm . beta ( lm( PII ˜ IDA+Q29a+Q29c+Q29k+as . f a c t o r (Q31a
2)+as . f a c t o r (Q31b 2)+as . f a c t o r (Q31a 3)+as . f a c t o r (Q31b 3)+
as . f a c t o r (Q31a 4)+as . f a c t o r (Q31b 4)+as . f a c t o r (Q31a 5)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31a 6)+as . f a c t o r (Q31b 6)+Q17Phys
+as . f a c t o r (Q32Mthr br )+as . f a c t o r ( Q32Fthr br )+as . f a c t o r (
Q35Sci ar )+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+
AIEngl+Q38Grdhr , data=a . out$ imputat ions [ [ 2 ] ] ) )
PIth i rd<−lm . beta ( lm( PII ˜ IDA+Q29a+Q29c+Q29k+as . f a c t o r (Q31a
2)+as . f a c t o r (Q31b 2)+as . f a c t o r (Q31a 3)+as . f a c t o r (Q31b 3)+
as . f a c t o r (Q31a 4)+as . f a c t o r (Q31b 4)+as . f a c t o r (Q31a 5)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31a 6)+as . f a c t o r (Q31b 6)+Q17Phys
+as . f a c t o r (Q32Mthr br )+as . f a c t o r ( Q32Fthr br )+as . f a c t o r (
Q35Sci ar )+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+
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AIEngl+Q38Grdhr , data=a . out$ imputat ions [ [ 3 ] ] ) )
PI fourth<−lm . beta ( lm( PII ˜ IDA+Q29a+Q29c+Q29k+as . f a c t o r (Q31a
2)+as . f a c t o r (Q31b 2)+as . f a c t o r (Q31a 3)+as . f a c t o r (Q31b 3)+
as . f a c t o r (Q31a 4)+as . f a c t o r (Q31b 4)+as . f a c t o r (Q31a 5)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31a 6)+as . f a c t o r (Q31b 6)+Q17Phys
+as . f a c t o r (Q32Mthr br )+as . f a c t o r ( Q32Fthr br )+as . f a c t o r (
Q35Sci ar )+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+
AIEngl+Q38Grdhr , data=a . out$ imputat ions [ [ 4 ] ] ) )
P I f i f t h<−lm . beta ( lm( PII ˜ IDA+Q29a+Q29c+Q29k+as . f a c t o r (Q31a
2)+as . f a c t o r (Q31b 2)+as . f a c t o r (Q31a 3)+as . f a c t o r (Q31b 3)
+as . f a c t o r (Q31a 4)+as . f a c t o r (Q31b 4)+as . f a c t o r (Q31a 5)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31a 6)+as . f a c t o r (Q31b 6)+Q17Phys
+as . f a c t o r (Q32Mthr br )+as . f a c t o r ( Q32Fthr br )+as . f a c t o r (
Q35Sci ar )+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+
AIEngl+Q38Grdhr , data=a . out$ imputat ions [ [ 5 ] ] ) )
PIBetas=NULL
f o r ( i in 1 : 24 )
{
PIBetas [ i ]<−mean( c ( P I f i r s t [ i ] , PIsecond [ i ] , PI th i rd [ i ] ,
PI fourth [ i ] , P I f i f t h [ i ] ) )
}
##Math i d e n t i t y model




+as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+as . f a c t o r (Q32Mthr br )+as
. f a c t o r ( Q32Fthr br )+as . f a c t o r (Q35Math ar )
+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+AIEngl+
Q38Grdjr , data=a . out$ imputations , model=” l s ” ) )
#2nd i t e r a t i o n ( remove p>0.2)
summary( z e l i g ( MII ˜ IDA+Q24a+Q24d+Q24l+Q29a+Q29b+Q29c+Q29d+
Q29m
#Contro l s
+as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+as . f a c t o r (Q32Mthr br )+as
. f a c t o r ( Q32Fthr br )+as . f a c t o r (Q35Math ar )+as . f a c t o r (
Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+AIEngl+Q38Grdjr , data
=a . out$ imputations , model=” l s ” ) )
#3rd i t e r a t i o n ( remove p>0.1)
summary( z e l i g ( MII ˜ Q24a+Q24d+Q24l+Q29a+Q29b+Q29d+Q29m
#Contro l s
+as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+as . f a c t o r (Q32Mthr br )+as
. f a c t o r ( Q32Fthr br )+as . f a c t o r (Q35Math ar )+as . f a c t o r (
Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+AIEngl+Q38Grdjr , data
=a . out$ imputations , model=” l s ” ) )
#4th i t e r a t i o n ( remove p>0.05)
summary( z e l i g ( MII ˜ Q24a+Q24l+Q29a+Q29b+Q29d+Q29m
#Contro l s
+as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+as . f a c t o r (Q32Mthr br )+as
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. f a c t o r ( Q32Fthr br )+as . f a c t o r (Q35Math ar )+as . f a c t o r (
Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+AIEngl+Q38Grdjr , data
=a . out$ imputations , model=” l s ” ) )
#5th i t e r a t i o n ( remove p>0.01)
MImodel<−z e l i g ( MII ˜ Q24a+Q24l+Q29a+Q29b+Q29d+Q29m
#Contro l s
+as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+as . f a c t o r (Q32Mthr br )+as
. f a c t o r ( Q32Fthr br )+as . f a c t o r (Q35Math ar )+as . f a c t o r (
Q40)+as . f a c t o r ( Cauc )+AIMath+AISci+AIEngl+Q38Grdjr , data
=a . out$ imputations , model=” l s ” )
summary( MImodel )
p r i n t ( summary( MImodel ) , subset =1:5)
#This produces s tandard i zed c o e f f i e n t s f o r each imputation .
These are averaged to g ive r e s u l t s
#publ i shed in the t a b l e s .
M I f i r s t<−lm . beta ( lm( MII ˜ Q24a+Q24l+Q29a+Q29b+Q29d+Q29m+as .
f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)+as . f a c t o r (Q31a 4)+as .
f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as . f a c t o r (Q31b 2)+as .
f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as . f a c t o r (Q31b 5)+as .
f a c t o r (Q31b 6)+as . f a c t o r (Q32Mthr br )+as . f a c t o r ( Q32Fthr br )
+as . f a c t o r (Q35Math ar )+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+
AIMath+AISci+AIEngl+Q38Grdjr , data=a . out$ imputat ions [ [ 1 ] ] ) )
MIsecond<−lm . beta ( lm( MII ˜ Q24a+Q24l+Q29a+Q29b+Q29d+Q29m+as .
f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)+as . f a c t o r (Q31a 4)+as .
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f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as . f a c t o r (Q31b 2)+as .
f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as . f a c t o r (Q31b 5)+as .
f a c t o r (Q31b 6)+as . f a c t o r (Q32Mthr br )+as . f a c t o r ( Q32Fthr br )
+as . f a c t o r (Q35Math ar )+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+
AIMath+AISci+AIEngl+Q38Grdjr , data=a . out$ imputat ions [ [ 2 ] ] ) )
MIthird<−lm . beta ( lm( MII ˜ Q24a+Q24l+Q29a+Q29b+Q29d+Q29m+as .
f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)+as . f a c t o r (Q31a 4)+as .
f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as . f a c t o r (Q31b 2)+as .
f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as . f a c t o r (Q31b 5)+as .
f a c t o r (Q31b 6)+as . f a c t o r (Q32Mthr br )+as . f a c t o r ( Q32Fthr br )
+as . f a c t o r (Q35Math ar )+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+
AIMath+AISci+AIEngl+Q38Grdjr , data=a . out$ imputat ions [ [ 3 ] ] ) )
MIfourth<−lm . beta ( lm( MII ˜ Q24a+Q24l+Q29a+Q29b+Q29d+Q29m+as .
f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)+as . f a c t o r (Q31a 4)+as .
f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as . f a c t o r (Q31b 2)+as .
f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as . f a c t o r (Q31b 5)+as .
f a c t o r (Q31b 6)+as . f a c t o r (Q32Mthr br )+as . f a c t o r ( Q32Fthr br )
+as . f a c t o r (Q35Math ar )+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+
AIMath+AISci+AIEngl+Q38Grdjr , data=a . out$ imputat ions [ [ 4 ] ] ) )
MI f i f th<−lm . beta ( lm( MII ˜ Q24a+Q24l+Q29a+Q29b+Q29d+Q29m+as .
f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)+as . f a c t o r (Q31a 4)+as .
f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as . f a c t o r (Q31b 2)+as .
f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as . f a c t o r (Q31b 5)+as .
f a c t o r (Q31b 6)+as . f a c t o r (Q32Mthr br )+as . f a c t o r ( Q32Fthr br )
+as . f a c t o r (Q35Math ar )+as . f a c t o r (Q40)+as . f a c t o r ( Cauc )+
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AIMath+AISci+AIEngl+Q38Grdjr , data=a . out$ imputat ions [ [ 5 ] ] ) )
MIBetas=NULL
f o r ( i in 1 : 25 )
{
MIBetas [ i ]<−mean( c ( M I f i r s t [ i ] , MIsecond [ i ] , MIthird [ i ] ,
MIfourth [ i ] , MI f i f t h [ i ] ) )
}
##These models are to determine which o f Q24 and Q29 are
i n t e r a c t i n g with IDA
#With IDA added : p=0.13
summary( z e l i g ( MII ˜ IDA+Q24a+Q24l+Q29a+Q29b+Q29d+Q29m
#Contro l s
+Q31a+Q31b+Q32Mthr br+Q32Fthr br+Q35Math ar+Q40+Cauc+
AIMath+AISci+AIEngl+Q38Grdjr , data=a . out$ imputations ,
model=” l s ” ) )
#with Q24a removed : IDA p=0.07
summary( z e l i g ( MII ˜ IDA+Q24l+Q29a+Q29b+Q29d+Q29m
#Contro l s
+Q31a+Q31b+Q32Mthr br+Q32Fthr br+Q35Math ar+Q40+Cauc+
AIMath+AISci+AIEngl+Q38Grdjr , data=a . out$ imputations ,
model=” l s ” ) )
#with Q24l removed : IDA p=0.03
summary( z e l i g ( MII ˜ IDA+Q24a+Q29a+Q29b+Q29d+Q29m
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#Contro l s
+Q31a+Q31b+Q32Mthr br+Q32Fthr br+Q35Math ar+Q40+Cauc+
AIMath+AISci+AIEngl+Q38Grdjr , data=a . out$ imputations ,
model=” l s ” ) )
#with Q29a removed : IDA p=0.11
summary( z e l i g ( MII ˜ IDA+Q24a+Q24l+Q29b+Q29d+Q29m
#Contro l s
+Q31a+Q31b+Q32Mthr br+Q32Fthr br+Q35Math ar+Q40+Cauc+
AIMath+AISci+AIEngl+Q38Grdjr , data=a . out$ imputations ,
model=” l s ” ) )
#with Q29b removed : IDA p=0.06
summary( z e l i g ( MII ˜ IDA+Q24a+Q24l+Q29a+Q29d+Q29m
#Contro l s
+Q31a+Q31b+Q32Mthr br+Q32Fthr br+Q35Math ar+Q40+Cauc+
AIMath+AISci+AIEngl+Q38Grdjr , data=a . out$ imputations ,
model=” l s ” ) )
#with Q29d removed : IDA p=0.18
summary( z e l i g ( MII ˜ IDA+Q24a+Q24l+Q29a+Q29b+Q29m
#Contro l s
+Q31a+Q31b+Q32Mthr br+Q32Fthr br+Q35Math ar+Q40+Cauc+
AIMath+AISci+AIEngl+Q38Grdjr , data=a . out$ imputations ,
model=” l s ” ) )
#with Q29m removed : IDA p=0.05
summary( z e l i g ( MII ˜ IDA+Q24a+Q24l+Q29a+Q29b+Q29d
#Contro l s
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+Q31a+Q31b+Q32Mthr br+Q32Fthr br+Q35Math ar+Q40+Cauc+
AIMath+AISci+AIEngl+Q38Grdjr , data=a . out$ imputations ,
model=” l s ” ) )
##Model p r e d i c t i n g IDA
summary( z e l i g (IDA ˜
#Background/ c o n t r o l s
as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+as . f a c t o r (Q40)+as .
f a c t o r ( Cauc )+AIMath+AISci+AIEngl
#Pedagogies
+as . f a c t o r (Q11Phys a )+as . f a c t o r (Q11Phys b)+as . f a c t o r (
Q11Phys c )+as . f a c t o r (Q11Phys d)+as . f a c t o r (Q11Phys e )
+as . f a c t o r (Q11Phys f )+as . f a c t o r (Q11Phys g )+as . f a c t o r
(Q11Phys h)+as . f a c t o r (Q11Phys i )+as . f a c t o r (Q11Phys l
)
#A c t i v i t i e s
+as . f a c t o r (Q10Phys br )+as . f a c t o r (Q10Phys cr )+as . f a c t o r (
Q10Phys dr )+as . f a c t o r (Q10Phys er )+as . f a c t o r (Q12Phys
ar )+as . f a c t o r (Q12Phys br )+as . f a c t o r (Q12Phys cr )+as .
f a c t o r (Q12Phys dr )+as . f a c t o r (Q12Phys er )
#Assessments
+Q8Phys+Q9Phys+as . f a c t o r (Q10Phys f r )+as . f a c t o r (Q10Phys
gr )+as . f a c t o r (Q10Phys hr )+as . f a c t o r (Q16Phys ar )+as .
f a c t o r (Q16Phys br )+as . f a c t o r (Q16Phys cr )+as . f a c t o r (
Q16Phys dr )+as . f a c t o r (Q16Phys er )+as . f a c t o r (Q16Phys
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f r )+as . f a c t o r (Q16Phys gr )+as . f a c t o r (Q16Phys hr )
#Syntax
, data=a . out$ imputations , model=” l s ” ) )
#remove p>0.2 from prev ious model
summary( z e l i g (IDA ˜
#Background/ c o n t r o l s
as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+as . f a c t o r (Q40)+as .
f a c t o r ( Cauc )+AIMath+AISci+AIEngl
#Pedagogies
+as . f a c t o r (Q11Phys b)+as . f a c t o r (Q11Phys c )+as . f a c t o r (
Q11Phys d)+as . f a c t o r (Q11Phys e )+as . f a c t o r (Q11Phys f )
+as . f a c t o r (Q11Phys i )
#A c t i v i t i e s
+as . f a c t o r (Q10Phys br )+as . f a c t o r (Q10Phys cr )+as . f a c t o r (
Q10Phys dr )
#Assessments
+Q9Phys+as . f a c t o r (Q10Phys gr )+as . f a c t o r (Q16Phys ar )+as .
f a c t o r (Q16Phys f r )+as . f a c t o r (Q16Phys gr )
#Syntax
, data=a . out$ imputations , model=” l s ” ) )
#remove p>0.1 from prev ious model
summary( z e l i g (IDA ˜
#Background/ c o n t r o l s
as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+as . f a c t o r (Q40)+as .
f a c t o r ( Cauc )+AIMath+AISci+AIEngl
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#Pedagogies
+as . f a c t o r (Q11Phys b)+as . f a c t o r (Q11Phys c )+as . f a c t o r (
Q11Phys d)+as . f a c t o r (Q11Phys e )+as . f a c t o r (Q11Phys f )
+as . f a c t o r (Q11Phys i )
#A c t i v i t i e s
+as . f a c t o r (Q10Phys cr )
#Assessments
+Q9Phys+as . f a c t o r (Q10Phys gr )+as . f a c t o r (Q16Phys ar )+as .
f a c t o r (Q16Phys f r )
#Syntax
, data=a . out$ imputations , model=” l s ” ) )
#remove p>0.05 from prev ious model
summary( z e l i g (IDA ˜
#Background/ c o n t r o l s
as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+as . f a c t o r (Q40)+as .
f a c t o r ( Cauc )+AIMath+AISci+AIEngl
#Pedagogies
+as . f a c t o r (Q11Phys b)+as . f a c t o r (Q11Phys d)+as . f a c t o r (
Q11Phys f )+as . f a c t o r (Q11Phys i )
#A c t i v i t i e s
+as . f a c t o r (Q10Phys cr )
#Assessments
+Q9Phys+as . f a c t o r (Q10Phys gr )+as . f a c t o r (Q16Phys ar )+as .
f a c t o r (Q16Phys f r )
#Syntax
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, data=a . out$ imputations , model=” l s ” ) )
#remove p>0.01 from prev ious model
IAmodel<−z e l i g (IDA ˜
#Background/ c o n t r o l s
as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+as . f a c t o r (Q40)+as .
f a c t o r ( Cauc )+AIMath+AISci+AIEngl
#Pedagogies
+as . f a c t o r (Q11Phys i )
#A c t i v i t i e s
#Assessments
+Q9Phys+as . f a c t o r (Q16Phys ar )
#Syntax
, data=a . out$ imputations , model=” l s ” )
summary( IAmodel )
p r i n t ( summary( IAmodel ) , subset =1:5)
#Code to obta in betas f o r the IA model
I A f i r s t<−lm . beta ( lm(IDA˜ as . f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)+
as . f a c t o r (Q31a 4)+as . f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as .
f a c t o r (Q31b 2)+as . f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31b 6)+as . f a c t o r (Q40)+as . f a c t o r (
Cauc )+AIMath+AISci+AIEngl+as . f a c t o r (Q11Phys i 1 )+as . f a c t o r (
Q11Phys i 2 )+as . f a c t o r (Q11Phys i 3 )+as . f a c t o r (Q11Phys i 4 )+
Q9Phys+as . f a c t o r (Q16Phys ar ) , data=a . out$ imputat ions [ [ 1 ] ] ) )
IAsecond<−lm . beta ( lm(IDA˜ as . f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)+
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as . f a c t o r (Q31a 4)+as . f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as .
f a c t o r (Q31b 2)+as . f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31b 6)+as . f a c t o r (Q40)+as . f a c t o r (
Cauc )+AIMath+AISci+AIEngl+as . f a c t o r (Q11Phys i 1 )+as . f a c t o r (
Q11Phys i 2 )+as . f a c t o r (Q11Phys i 3 )+as . f a c t o r (Q11Phys i 4 )+
Q9Phys+as . f a c t o r (Q16Phys ar ) , data=a . out$ imputat ions [ [ 2 ] ] ) )
IAthird<−lm . beta ( lm(IDA˜ as . f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)+
as . f a c t o r (Q31a 4)+as . f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as .
f a c t o r (Q31b 2)+as . f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31b 6)+as . f a c t o r (Q40)+as . f a c t o r (
Cauc )+AIMath+AISci+AIEngl+as . f a c t o r (Q11Phys i 1 )+as . f a c t o r (
Q11Phys i 2 )+as . f a c t o r (Q11Phys i 3 )+as . f a c t o r (Q11Phys i 4 )+
Q9Phys+as . f a c t o r (Q16Phys ar ) , data=a . out$ imputat ions [ [ 3 ] ] ) )
IAfourth<−lm . beta ( lm(IDA˜ as . f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)+
as . f a c t o r (Q31a 4)+as . f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as .
f a c t o r (Q31b 2)+as . f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31b 6)+as . f a c t o r (Q40)+as . f a c t o r (
Cauc )+AIMath+AISci+AIEngl+as . f a c t o r (Q11Phys i 1 )+as . f a c t o r (
Q11Phys i 2 )+as . f a c t o r (Q11Phys i 3 )+as . f a c t o r (Q11Phys i 4 )+
Q9Phys+as . f a c t o r (Q16Phys ar ) , data=a . out$ imputat ions [ [ 4 ] ] ) )
I A f i f t h<−lm . beta ( lm(IDA˜ as . f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)+
as . f a c t o r (Q31a 4)+as . f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as .
f a c t o r (Q31b 2)+as . f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31b 6)+as . f a c t o r (Q40)+as . f a c t o r (
Cauc )+AIMath+AISci+AIEngl+as . f a c t o r (Q11Phys i 1 )+as . f a c t o r (
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Q11Phys i 2 )+as . f a c t o r (Q11Phys i 3 )+as . f a c t o r (Q11Phys i 4 )+
Q9Phys+as . f a c t o r (Q16Phys ar ) , data=a . out$ imputat ions [ [ 5 ] ] ) )
IABetas=NULL
f o r ( i in 1 : 21 )
{
IABetas [ i ]<−mean( c ( I A f i r s t [ i ] , IAsecond [ i ] , IAthird [ i ] ,
IAfourth [ i ] , I A f i f t h [ i ] ) )
}
#Adding Mastery o r i e n t a t i o n to IDA model ( r epor ted in Sec t i on
4 . 3 )
summary( z e l i g (IDA ˜
#Background/ c o n t r o l s
as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+as . f a c t o r (Q40)+as . f a c t o r (
Cauc )+AIMath+AISci+AIEngl+Master
#Pedagogies
+as . f a c t o r (Q11Phys b)+as . f a c t o r (Q11Phys d)+as . f a c t o r (
Q11Phys f )+as . f a c t o r (Q11Phys i )
#A c t i v i t i e s
+as . f a c t o r (Q10Phys cr )
#Assessments
+Q9Phys+as . f a c t o r (Q10Phys gr )+as . f a c t o r (Q16Phys ar )+as .
f a c t o r (Q16Phys f r )
#Syntax
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, data=a . out$ imputations , model=” l s ” ) )
#remove p>0.05
summary( z e l i g (IDA ˜
#Background/ c o n t r o l s
as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+as . f a c t o r (Q40)+as . f a c t o r (
Cauc )+AIMath+AISci+AIEngl+Master
#Pedagogies
+as . f a c t o r (Q11Phys d)+as . f a c t o r (Q11Phys f )+as . f a c t o r (
Q11Phys i )
#A c t i v i t i e s
#Assessments
+Q9Phys+as . f a c t o r (Q10Phys gr )+as . f a c t o r (Q16Phys ar )+as .
f a c t o r (Q16Phys f r )
#Syntax
, data=a . out$ imputations , model=” l s ” ) )
#remove p>0.01
summary( z e l i g (IDA ˜
#Background/ c o n t r o l s
as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+as . f a c t o r (Q40)+as . f a c t o r (
Cauc )+AIMath+AISci+AIEngl+Master
#Pedagogies
+as . f a c t o r (Q11Phys f )+as . f a c t o r (Q11Phys i )
#A c t i v i t i e s
#Assessments
+Q9Phys+as . f a c t o r (Q10Phys gr )+as . f a c t o r (Q16Phys ar )
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#Syntax
, data=a . out$ imputations , model=” l s ” ) )
#remove p>0.01
WithMastery<−z e l i g (IDA ˜
#Background/ c o n t r o l s
as . f a c t o r (Q31a)+as . f a c t o r (Q31b)+as . f a c t o r (Q40)+as . f a c t o r (
Cauc )+AIMath+AISci+AIEngl+Master
#Pedagogies
+as . f a c t o r (Q11Phys i )
#A c t i v i t i e s
#Assessments
+Q9Phys+as . f a c t o r (Q16Phys ar )
#Syntax
, data=a . out$ imputations , model=” l s ” )
summary( WithMastery )
p r i n t ( summary( WithMastery ) , subset =1:5)
#Code to obta in betas f o r the IA model with mastery
IAMfirst<−lm . beta ( lm(IDA˜ as . f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)+
as . f a c t o r (Q31a 4)+as . f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as .
f a c t o r (Q31b 2)+as . f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31b 6)+as . f a c t o r (Q40)+as . f a c t o r (
Cauc )+AIMath+AISci+AIEngl+Master+as . f a c t o r (Q11Phys i 1 )+as .
f a c t o r (Q11Phys i 2 )+as . f a c t o r (Q11Phys i 3 )+as . f a c t o r (Q11Phys
i 4 )+Q9Phys+as . f a c t o r (Q16Phys ar ) , data=a . out$ imputat ions
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[ [ 1 ] ] ) )
IAMsecond<−lm . beta ( lm(IDA˜ as . f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)
+as . f a c t o r (Q31a 4)+as . f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as .
f a c t o r (Q31b 2)+as . f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31b 6)+as . f a c t o r (Q40)+as . f a c t o r (
Cauc )+AIMath+AISci+AIEngl+Master+as . f a c t o r (Q11Phys i 1 )+as .
f a c t o r (Q11Phys i 2 )+as . f a c t o r (Q11Phys i 3 )+as . f a c t o r (Q11Phys
i 4 )+Q9Phys+as . f a c t o r (Q16Phys ar ) , data=a . out$ imputat ions
[ [ 2 ] ] ) )
IAMthird<−lm . beta ( lm(IDA˜ as . f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)+
as . f a c t o r (Q31a 4)+as . f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as .
f a c t o r (Q31b 2)+as . f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31b 6)+as . f a c t o r (Q40)+as . f a c t o r (
Cauc )+AIMath+AISci+AIEngl+Master+as . f a c t o r (Q11Phys i 1 )+as .
f a c t o r (Q11Phys i 2 )+as . f a c t o r (Q11Phys i 3 )+as . f a c t o r (Q11Phys
i 4 )+Q9Phys+as . f a c t o r (Q16Phys ar ) , data=a . out$ imputat ions
[ [ 3 ] ] ) )
IAMfourth<−lm . beta ( lm(IDA˜ as . f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)
+as . f a c t o r (Q31a 4)+as . f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as .
f a c t o r (Q31b 2)+as . f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31b 6)+as . f a c t o r (Q40)+as . f a c t o r (
Cauc )+AIMath+AISci+AIEngl+Master+as . f a c t o r (Q11Phys i 1 )+as .
f a c t o r (Q11Phys i 2 )+as . f a c t o r (Q11Phys i 3 )+as . f a c t o r (Q11Phys
i 4 )+Q9Phys+as . f a c t o r (Q16Phys ar ) , data=a . out$ imputat ions
[ [ 4 ] ] ) )
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IAMfifth<−lm . beta ( lm(IDA˜ as . f a c t o r (Q31a 2)+as . f a c t o r (Q31a 3)+
as . f a c t o r (Q31a 4)+as . f a c t o r (Q31a 5)+as . f a c t o r (Q31a 6)+as .
f a c t o r (Q31b 2)+as . f a c t o r (Q31b 3)+as . f a c t o r (Q31b 4)+as .
f a c t o r (Q31b 5)+as . f a c t o r (Q31b 6)+as . f a c t o r (Q40)+as . f a c t o r (
Cauc )+AIMath+AISci+AIEngl+Master+as . f a c t o r (Q11Phys i 1 )+as .
f a c t o r (Q11Phys i 2 )+as . f a c t o r (Q11Phys i 3 )+as . f a c t o r (Q11Phys
i 4 )+Q9Phys+as . f a c t o r (Q16Phys ar ) , data=a . out$ imputat ions
[ [ 5 ] ] ) )
IAMBetas=NULL
f o r ( i in 1 : 22 )
{
IAMBetas [ i ]<−mean( c ( IAMfirst [ i ] , IAMsecond [ i ] , IAMthird [ i ] ,
IAMfourth [ i ] , IAMfifth [ i ] ) )
}
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Appendix C Interview protocol for school site visit
Questions:
Class
What did you think about class today?
What about class do you enjoy?
Think about your favorite day in this class. Tell me about what happened during
that day.
Think about one of your least favorite class days. Tell me about that.
What topics from the class interest you most? Why?
Do you talk about this class outside of class time?
Do you help other students in this class?
Have you ever looked up additional information outside of class?
How does this teacher compare to your other teachers?
Is the culture of your school a good fit with the culture of science (physics)?
Career Plans
What are your current plans for your career? How did you decide on that?
What other careers have you thought about? (looking for possible non-engineers)
Do you have a specific discipline in mind? (if indicated that they are interested in
engineering)
Who encourages you toward your career goals?
Did any topics you discussed in class affect your career plans?
Sustainability
Do you know what the word sustainability means? Can you explain it to me?
Ask specifically about topics related to sustainability (if students brought it
up)?
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How did your teacher cover these topics (lecture, activities, etc)?
Were these methods helpful to your learning?
Do you see yourself as a sustainable/green person?
Do you take any actions to be a green/er person? (recycle, conserve water, energy..)
How often do you do these things? Any particular reason why you do (these things)?
Is it an intentional effort?
Identity
What does it mean to be a science person?
Could anyone be a science person?
Are you a science person?
What does it mean to be a math person?
Reword if necessary...what are the characteristics of a math person
Could anyone be a math person?
Are you a math person?
What does it mean to be a physics person?
Could anyone be a physics person?
Are you a physics person?
Do physics people have other interests?
Do you have other interests?
Do your friends like physics? Think physics is cool? Think less of you for taking
physics? Care about their grades?
Do most students in your school like physics? Think physics is cool? Think less of
you for taking physics? Care about their grades?
What is engineering?
What do engineers do?
What could you do with a career in engineering?
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Who can do engineering?
Agency
What can engineering and science do for our world?
Do you see science as relevant to your life?
Do think about science for fun?
Is it important to know chemistry/physics?
PROBE for more info
Follow-up on “I identify relationships between topics from different courses”
Examples?
Why do you think you are good (bad) at it?
What could make you better at it?
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Appendix D Protocol for follow-up interviews
Follow-up, semi-structured interviews with Schuyler and Adlai
1. What are your current college and career plans? (as applicable to the
individual)
2. Why did you decide? Who has influenced your decisions?
3. What classes are you taking this year? Why did you choose these?
4. What extracurricular activities are you doing? What other academic interests
do you have besides your career? What personal interests do you have? Are
your personal interests connected to your academic interests?
5. Do you see yourself as a physics person? What does it mean to be a physics
person? Can anyone be a physics person? What are the reasons for your
interest in physics? Who else sees you as a physics person? In what ways do
they recognize you as a physics person?
6. Do you see yourself as a math person? What does it mean to be a math
person? Can anyone be a math person? What are the reasons for your interest
in math? Who else sees you as a math person? In what ways do they
recognize you as a math person?
7. What do you think about your physics class? Would you recommend that
others take physics? Do you think it is important for people to
know/understand physics?
8. What do you think about your math class? Would you recommend that
others take math? Do you think it is important for people to
know/understand math?
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9. When we met with you last year, we talked about connecting science and
physics to other classes. What do you think about importance of making
connections?
10. Can you give me some examples of when you made some connections between
physics and other subjects? (probe STEM vs. non-STEM. All students will
probably give examples so probe for more and quality of connections to see
valuable comparisons between cases.)
11. Specific questions from interdisciplinary affinity model. (factors predicting IA)
(a) Spent time doing individual work in class? What are some examples?
How would you describe your feelings about individual work?
(b) Topics relevant to their life? Examples? All the time or occasionally?
(c) Level of conceptual understanding required? Examples? What does
conceptual understanding mean to you?
(d) Questions required several steps of calculations? Examples? Did they
help you?
(e) Teacher’s enthusiasm for physics? Examples? All the time or just certain
topics? How did his enthusiasm rub off on you and the rest of the class?
(Was it effective for some and not others?)
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Appendix E R Code for Chapter 5 Analyses
#load l i b r a r i e s
l i b r a r y ( car )
l i b r a r y ( QuantPsyc )
l i b r a r y ( psych )
l i b r a r y ( Amelia )
l i b r a r y ( Z e l i g )
#load data
#to read data as sent from Harvard
ops c i <− read . csv ( ”˜/Desktop/ Research /OPSCI/ Fina l Data/
opsc inoformat . csv ” , header=T)
#to read data with academic performance i n d i c e s
load ( ”˜/Desktop/ Research /OPSCI/ Fina l Data/OPSCIwAI . RData” )
op s c i<−OPSCIwAI
attach ( op s c i )
#recode educat ion l e v e l
op s c i $ q34edfath<−recode ( q34edfath , ’9=NA’ )
op s c i $q34edmoth<−recode ( q34edmoth , ’9=NA’ )
####f a c t o r a n a l y s i s o f q23 ( the IA r e l a t e d items )
IA fac to r s <−as . data . frame ( cbind ( q23cert , q23rounded , q23expert ,
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q23re l a t e , q23talk , q23o th f i e l d , q23use l e s s , q23team , q23mult ,
q23bias , q 2 3 d i f f ) )
IAefa <− f a c t a n a l ( na . omit ( IA fac to r s ) ,4 , r o t a t i o n=”promax” )
IAefa
#2nd i t e r a t i o n
IA fac to r s <−as . data . frame ( cbind ( q23cert , q23rounded , q23expert ,
q23re l a t e , q23talk , q23o th f i e l d , q23use l e s s , q23team , q23mult ) )
IAefa <− f a c t a n a l ( na . omit ( IA fac to r s ) ,3 , r o t a t i o n=”promax” )
IAefa
#3rd i t e r a t i o n
IA fac to r s <−as . data . frame ( cbind ( q23cert , q23rounded , q23expert ,
q23re l a t e , q23talk , q23o th f i e l d , q23mult ) )
IAefa <− f a c t a n a l ( na . omit ( IA fac to r s ) ,2 , r o t a t i o n=”promax” )
IAefa
####Build var i ous models o f IA
#The expert component ( expert , ce r t , and rounded )
Expert <− ( q23expert+q23cer t+q23rounded ) /3
ops c i $Expert<−Expert
#I n t e g r a t i o n component ( r e l a t e , ta lk , o t h f i e l d , and mult )
Integ1 <− ( q 2 3 r e l a t e+q23ta lk+q 2 3 o t h f i e l d+q23mult ) /4
op s c i $ Integ1<−Integ1
####f a c t o r a n a l y s i s o f q24 ( the i n t e r e s t s in var i ous f i e l d s )
I n t e r e s t F a c t o r s <− as . data . frame ( cbind ( q24lang , q24phys , q24ath
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, q24bio , q24math , q24soc , q24art , q24engin ) )
InterestEFA <− f a c t a n a l ( na . omit ( I n t e r e s t F a c t o r s ) ,4 , r o t a t i o n=”
promax” )
InterestEFA
#I n t e r e s t measurement us ing f a c t o r s from EFA
S c i I n t e r e s t <− ( q24phys+q24bio ) /2
Eng in In t e r e s t <− ( q24math+q24engin ) /2
A r t I n t e r e s t <− ( q24art+q24lang ) /2
S o c I n t e r e s t <− q24soc
AthInte re s t <− q24ath
#t o t a l i n t e r e s t as avg o f f a c t o r s
I n t e r e s t s <− ( S c i I n t e r e s t+Eng in In t e r e s t+A r t I n t e r e s t+
S o c I n t e r e s t+AthInte re s t ) /5
op s c i $ I n t e r e s t s<−I n t e r e s t s
##C o r r e l a t i o n s between academic i n t e r e s t s and IA items
r12<−cor ( I n t e r e s t s , Integ1 , use=” complete . obs” )
cor . t e s t ( I n t e r e s t s , Integ1 , use=” complete . obs” )
r13<−cor ( I n t e r e s t s , Expert , use=” complete . obs” )
cor . t e s t ( I n t e r e s t s , Expert , use=” complete . obs” )
r23<−cor ( Integ1 , Expert , use=” complete . obs” )
cor . t e s t ( Integ1 , Expert , use=” complete . obs” )
r . t e s t (12600 , r12 , r13 , r23 )
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##Build phys i c s i d e n t i t y
P I i n t e r e s t <− ( q 2 1 p i n t e r e s t+q21pcur ious+q21penjoy ) /3
op s c i $ P I i n t e r e s t<−P I i n t e r e s t
PIrecog <− ( q21ppersonteach+q21ppersonfam+q21pper son f r i end+
q21phelp ) /4
op s c i $ PIrecog<−PIrecog
PI <− ( P I i n t e r e s t+PIrecog ) /2
op s c i $PI<−PI
##Build STEM i d e n t i t y
STEMinterest <− ( q 2 1 s i n t e r e s t+q21scur i ous+q21senjoy ) /3
STEMrecog <− ( q21spersonteach+q21spersonfam+q21spe r son f r i end+
q21she lp ) /4
STEMid <− ( STEMinterest+STEMrecog) /2
op s c i $STEMid<−STEMid
#Here are c o r r e l a t i o n s between phys i c s i d e n t i t y and IA
cor . t e s t ( PI , Integ1 , use=” complete . obs” )
#c o r r e l a t i o n s between components o f PI and Integ1
r12<−cor ( P I i n t e r e s t , Integ1 , use=” complete . obs” )
cor . t e s t ( P I i n t e r e s t , Integ1 , use=” complete . obs” )
r13<−cor ( PIrecog , Integ1 , use=” complete . obs” )
cor . t e s t ( PIrecog , Integ1 , use=” complete . obs” )
r23<−cor ( PIrecog , P I i n t e r e s t , use=” complete . obs” )
cor . t e s t ( PIrecog , P I i n t e r e s t , use=” complete . obs” )
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r . t e s t (12200 , r12 , r13 , r23 )
#and STEM i d e n t i t y c o r r e l a t i o n s
cor . t e s t (STEMid , I n t e r e s t s , use=” complete . obs” )
cor . t e s t (STEMid , Integ1 , use=” complete . obs” )
##Impute data f o r use in l i n e a r models
OPSCIsub <− subset ( opsc i , i s . na ( q13phys1lev )==FALSE)
OPSCIsub <− subset (OPSCIsub , q 3 0 c o l l y e a r =1)
OPSCIsub<−subset (OPSCIsub , s e l e c t=c ( ”q2money” , ”q2fame” , ” q2help
” , ” q2lead ” , ” q2secure ” , ” q2peopl ” , ” q2invent ” , ” q2deve l ” , ”
q2famly ” , ” q2mysel f ” , ”q2ownd” , ” q2easy j ” , ” q 2 e x c i t j ” , ”
q2 ta l en t ” , ” q2jobop ” , ”q3mssg” , ”q4msmg” , ” q5msins ” , ”q5msinm” ,
” q6hsprv ” , ” q6hscha ” , ”q6hsmag” , ” q6hsbac ” , ” q6hs fo r ” , ”q6hspub
” , ” q6h s r e l ” , ” q6hsvoc ” , ” q6hsssex ” , ”q6hshom” , ” q 7 s c h o o l s i z e ” ,
” q9hseng ” , ”q11himg” , ” q13phys1grade ” , ” q13phys1 l ike ” , ”
q15extra ” , ”q15diffcomm” , ” q15c l i que ” , ” q15teachthere ” , ”
q15studthere ” , ”q15comm” , ” q15welc ” , ” q15 l o s t ” , ” q15t ight ” , ”
q15out ” , ”q15knew” , ” P I i n t e r e s t ” , ” PIrecog ” , ” Integ1 ” , ”Expert ”
, ”STEMid” , ” I n t e r e s t s ” , ”q25med” , ” q25bio ” , ”q25phys” , ”
q25engin ” , ”q25math” , ” q26gender ” , ” q27black ” , ” q27white ” , ”
q27as ian ” , ”q27amin” , ” q27oth ” , ”q27mult” , ” q28hisp ” , ” q29lang ”
, ”q31homesup” , ” q34edfath ” , ”q34edmoth” , ”q35USyou” , ”
q35USfath” , ”q35USmoth” , ” q36 fathcar ” , ”q36mothcar” , ”
q36s ibca r ” , ” q36othcar ” , ” q36be t t e r ca r ” , ”q36hobby” , ” q36noint
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” , ” q36courses ” , ” q36help ” , ” q36tutor ” , ”AI” , ”AIEngl” , ” AISci ” ,
”AIMath” ) )
## Mult ip l e Imputation code
a . out <− amel ia (OPSCIsub , m=5, noms=c ( ”q2money” , ”q2fame” , ”
q2help ” , ” q2lead ” , ” q2secure ” , ” q2peopl ” , ” q2invent ” , ” q2deve l ”
, ” q2famly ” , ” q2mysel f ” , ”q2ownd” , ” q2easy j ” , ” q 2 e x c i t j ” , ”
q2 ta l en t ” , ” q2jobop ” , ” q6hsprv ” , ” q6hscha ” , ”q6hsmag” , ” q6hsbac
” , ” q6hs fo r ” , ”q6hspub” , ” q6h s r e l ” , ” q6hsvoc ” , ” q6hsssex ” , ”
q6hshom” , ” q26gender ” , ” q27black ” , ” q27white ” , ” q27as ian ” , ”
q27amin” , ” q27oth ” , ”q27mult” , ” q28hisp ” , ” q29lang ” , ”q35USyou”
, ”q35USfath” , ”q35USmoth” , ” q36 fathcar ” , ”q36mothcar” , ”
q36s ibca r ” , ” q36othcar ” , ” q36be t t e r ca r ” , ”q36hobby” , ” q36noint
” , ” q36courses ” , ” q36help ” , ” q36tutor ” ) , ords=c ( ” q 7 s c h o o l s i z e ”
, ” q9hseng ” , ”q11himg” , ” q13phys1grade ” , ” q34edfath ” , ”
q34edmoth” ) )
#bu i ld PI from r e c o g n i t i o n and i n t e r e s t and recode mother and
f a t h e r ed to dummy v a r i a b l e s e t
f o r ( i in 1 : 5 )
{
a . out$ imputat ions [ [ i ] ] $PI<−( a . out$ imputat ions [ [ i ] ] $
P I i n t e r e s t+a . out$ imputat ions [ [ i ] ] $ PIrecog ) /2
a . out$ imputat ions [ [ i ] ] $FathEd1<−recode ( a . out$ imputat ions [ [ i
] ] $ q34edfath , ”1=1; e l s e =0” )
154
a . out$ imputat ions [ [ i ] ] $FathEd2<−recode ( a . out$ imputat ions [ [ i
] ] $ q34edfath , ”2=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $FathEd3<−recode ( a . out$ imputat ions [ [ i
] ] $ q34edfath , ”3=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $FathEd4<−recode ( a . out$ imputat ions [ [ i
] ] $ q34edfath , ”4=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $FathEd5<−recode ( a . out$ imputat ions [ [ i
] ] $ q34edfath , ”5=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $MothEd1<−recode ( a . out$ imputat ions [ [ i
] ] $q34edmoth , ”1=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $MothEd2<−recode ( a . out$ imputat ions [ [ i
] ] $q34edmoth , ”2=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $MothEd3<−recode ( a . out$ imputat ions [ [ i
] ] $q34edmoth , ”3=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $MothEd4<−recode ( a . out$ imputat ions [ [ i
] ] $q34edmoth , ”4=1; e l s e =0” )
a . out$ imputat ions [ [ i ] ] $MothEd5<−recode ( a . out$ imputat ions [ [ i
] ] $q34edmoth , ”5=1; e l s e =0” )
}
##Outcome o f PI with IA and c o n t r o l s as p r e d i c t o r s
PImodel<−z e l i g ( PI ˜ as . f a c t o r ( q27black )+as . f a c t o r ( q27white )+
as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+as . f a c t o r (
q34edfath )+as . f a c t o r ( q34edmoth )+as . f a c t o r ( q36 fa thcar )+as .
f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+AISci
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+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$ imputations ,
model=” l s ” )
summary( PImodel )
p r i n t ( summary( PImodel ) , subset =1:5)
#Betas f o r PI model
P I b e t a f i r s t <− lm . beta ( lm( PI˜ as . f a c t o r ( q27black )+as . f a c t o r (
q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+as .
f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+as .
f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+as .
f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar )+
as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 1 ] ] ) )
PIbetasecond <− lm . beta ( lm( PI˜ as . f a c t o r ( q27black )+as . f a c t o r (
q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+as .
f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+as .
f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+as .
f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar )+
as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 2 ] ] ) )
PIbetath i rd <− lm . beta ( lm( PI˜ as . f a c t o r ( q27black )+as . f a c t o r (
q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+as .
f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+as .
f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+as .
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f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar )+
as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 3 ] ] ) )
PIbeta fourth <− lm . beta ( lm( PI˜ as . f a c t o r ( q27black )+as . f a c t o r (
q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+as .
f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+as .
f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+as .
f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar )+
as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 4 ] ] ) )
P I b e t a f i f t h <− lm . beta ( lm( PI˜ as . f a c t o r ( q27black )+as . f a c t o r (
q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+as .
f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+as .
f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+as .
f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar )+
as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 5 ] ] ) )
PIBetas=NULL
f o r ( i in 1 : 21 )
{
PIBetas [ i ]<−mean( c ( P I b e t a f i r s t [ i ] , PIbetasecond [ i ] ,




##Outcome o f phys i c s i n t e r e s t with IA and c o n t r o l s ( Inc lude
r e c o g n i t i o n as c o n t r o l ?)
INTmodel<−z e l i g ( P I i n t e r e s t ˜ as . f a c t o r ( q27black )+as . f a c t o r (
q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+as .
f a c t o r ( q34edfath )+as . f a c t o r ( q34edmoth )+as . f a c t o r (
q36 fa thcar )+as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+
AIEngl+AIMath+AISci+q13phys1grade+q13phys1 l ike+Integ1 , data
=a . out$ imputations , model=” l s ” )
summary( INTmodel )
p r i n t ( summary( INTmodel ) , subset =1:5)
#Betas f o r phys i c s i n t e r e s t model
INTbeta f i r s t <− lm . beta ( lm( P I i n t e r e s t ˜ as . f a c t o r ( q27black )+as .
f a c t o r ( q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+
as . f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+
as . f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+
as . f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar
)+as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 1 ] ] ) )
INTbetasecond <− lm . beta ( lm( P I i n t e r e s t ˜ as . f a c t o r ( q27black )+as
. f a c t o r ( q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )
+as . f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+
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as . f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+
as . f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar
)+as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 2 ] ] ) )
INTbetathird <− lm . beta ( lm( P I i n t e r e s t ˜ as . f a c t o r ( q27black )+as .
f a c t o r ( q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+
as . f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+
as . f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+
as . f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar
)+as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 3 ] ] ) )
INTbetafourth <− lm . beta ( lm( P I i n t e r e s t ˜ as . f a c t o r ( q27black )+as
. f a c t o r ( q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )
+as . f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+
as . f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+
as . f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar
)+as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 4 ] ] ) )
INTbeta f i f th <− lm . beta ( lm( P I i n t e r e s t ˜ as . f a c t o r ( q27black )+as .
f a c t o r ( q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+
as . f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+
as . f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+
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as . f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar
)+as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 5 ] ] ) )
INTBetas=NULL
f o r ( i in 1 : 21 )
{
INTBetas [ i ]<−mean( c ( INTbeta f i r s t [ i ] , INTbetasecond [ i ] ,
INTbetathird [ i ] , INTbetafourth [ i ] , INTbeta f i f th [ i ] ) )
}
INTBetas
##Outcome o f phys i c s r e c o g n i t i o n with IA and c o n t r o l s
RECmodel<−z e l i g ( PIrecog ˜ as . f a c t o r ( q27black )+as . f a c t o r (
q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+as .
f a c t o r ( q34edfath )+as . f a c t o r ( q34edmoth )+as . f a c t o r (
q36 fa thcar )+as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+
AIEngl+AIMath+AISci+q13phys1grade+q13phys1 l ike+Integ1 , data
=a . out$ imputations , model=” l s ” )
summary(RECmodel)
p r i n t ( summary(RECmodel) , subset =1:5)
#Betas f o r phys i c s r e c o g n i t i o n model
RECbetaf irst <− lm . beta ( lm( PIrecog ˜ as . f a c t o r ( q27black )+as .
f a c t o r ( q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+
as . f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+
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as . f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+
as . f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar
)+as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 1 ] ] ) )
RECbetasecond <− lm . beta ( lm( PIrecog ˜ as . f a c t o r ( q27black )+as .
f a c t o r ( q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+
as . f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+
as . f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+
as . f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar
)+as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 2 ] ] ) )
RECbetathird <− lm . beta ( lm( PIrecog ˜ as . f a c t o r ( q27black )+as .
f a c t o r ( q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+
as . f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+
as . f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+
as . f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar
)+as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 3 ] ] ) )
RECbetafourth <− lm . beta ( lm( PIrecog ˜ as . f a c t o r ( q27black )+as .
f a c t o r ( q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+
as . f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+
as . f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+
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as . f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar
)+as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 4 ] ] ) )
RECbetaf i fth <− lm . beta ( lm( PIrecog ˜ as . f a c t o r ( q27black )+as .
f a c t o r ( q27white )+as . f a c t o r ( q27as ian )+as . f a c t o r ( q26gender )+
as . f a c t o r ( FathEd2 )+as . f a c t o r ( FathEd3 )+as . f a c t o r ( FathEd4 )+
as . f a c t o r ( FathEd5 )+as . f a c t o r (MothEd2)+as . f a c t o r (MothEd3)+
as . f a c t o r (MothEd4)+as . f a c t o r (MothEd5)+as . f a c t o r ( q36 fa thcar
)+as . f a c t o r ( q36mothcar )+as . f a c t o r ( q36hobby )+AIEngl+AIMath+
AISci+q13phys1grade+q13phys1 l ike+Integ1 , data=a . out$
imputat ions [ [ 5 ] ] ) )
RECBetas=NULL
f o r ( i in 1 : 21 )
{
RECBetas [ i ]<−mean( c ( RECbetaf i rst [ i ] , RECbetasecond [ i ] ,
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